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Thermal Conductivity, Electrical Resistivity, and I hermopower
of Aerospace Alloys from 4 to 300K
J. G. Hust, Robert L. Powell, and D. H. Weitzel
'abstract
An apparatus for the measurement of thermal conductivity, elec-
trical resistivity, and thermopower from 4 to 300K is described. This
apparatus, a modified version of the on(- used earlier in this laboratory,
utilizes the steady-state, axial heat flow method. The specimens are
cylindrical rods about 2 3 ccn long and 0. 1 to 1 . 0 cm 2 in cross-sectional
area. Included is a detailed discussion of the limitations of the appa-
ratus, probable errors, and data analysis methods. Tables and figures
of thermal conductivity, electrical resistivity, Lorenz ratio, and ab-
solute thern-mopowe r s are presented for titanium alloy A J 10-AT, alumi-
num alloy 7039, Inconei 718, Hastelloy X, reactor grade beryllium, and
PO- 3 graphite. Extensive raw experimental and computer processed
Hata, are also included here to serve as a permanent record. The un-
cert<<inty of the property data presented is estimated at 1-2% for ther-
mal conductivity, 0.2 117o for electrical resistivity, and 0.05aV/K for
thermopowe..
Key Words
Aluminum alloy, beryllium, cryogenics, electrical resistivity, graphite,
Loren- ratio, nickel alloys, Seebeck effect, thermal conductivity, titan-
ium alloy, and transport properties.
This work was carried out at the National Bureau of Standards under
the sponsorship of the NASA-Space Nuclear Propulsion Office, Cleveland.
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THERMAL CONDUCT, , iTY, ELECTRICAL RESISTIVITY, AND
THERMOPOW ER OF AEROSPACE ALLOYS FROM 4 to 300 K
J. G. Hust, Robert L. Powell and D. H. Weitzel
I	 INTRODUCTION
The development of new materials :..nd renewed interest in exis-
ing materials by the aerospace industry is creating a demand for ther-
nial and electrical property measurements on these materials. Such
data are needed for the selection of suitable construction materials
and the prediction of operating characteristics of low tempera*ure sys-
tems. To help satisfy the immediate needs for these data an appara-
tus has been built to measure the thermal conductivity, electrical re-
sistivity, and thermopower of solids. This apparatus is designed to
measure samples with thermal conductivities varying from 0. 1 to
5, 000 W/mK at temperatures from 4 to 300K. In addition to the meas-
urements reported here on aerospace alloys, measurements will also
be made on several standard reference materials. The availability of
reference standards will help to further alleviate the dearth of ther-
mal conductivity data by encouraging the construction of new appara-
tus, especially the more rapid measuring systems based on the com-
parative method. These reference materials can also be used to check
out new absolute apparatus.
Thermal conductivity data of technically importan t, solids accu-
rate to 5% satisfy current demands. However, future demands will
likely be more stringent. Standard reference material data should be
accurate to better than 1%. For these reasons this program is di-
rected toward the acquisition of thermal conductivity data which are
accurate to within 1%. Thermal conductivity data accurate to within
1
I	 are LrAlve•d difficult to determine, especially for poor conductors
and tt-mperatures above about 120K, because of the difficulty of main-
twining thcrnial losses at a sufficiently low level.
T'he present apparatus is patterned after that described by
Powell, et al . Ij Because of some important modifications and im-
proved instrumentation a brief description is presented here. This
paper contains results of measurements on titanium A- 1 10 AT, In-
conel 718, llastelloy X, al ►11111num 7039, a reactor grade beryllium
and PO-3 graphite. Also included are data analysis methods and an
error analysis of this system.
L.	 EXI-3F.1ZIM)~:N'I'Al, APPARATUS
Of the many methods described in the literature for the meas-
urement of th-rural conductivity, probably the simplest both con-
ceptually and mechanically is the axial heat flow method. In this con-
figuration the specimen is in the form of a rod with constant cross-
sectional area and the heat flow is along the axis of the rod. This con-
figuration is also convenient for the simultaneous measurement of the
electrical resistance and the Seebeck voltage. Accurate measure-
ments can be obtained by this method as long as radiation and other
radial losses can be limited to a reasonable value. Above 300 K this
is difficult to do except for good conductors. The temperature range
of interest in this work is below 300 K; thus the axial heat. flow method
was chosen to obtain the most accurate data. The apparatus is shown
in figure 1.
The use in this paper of trade names of specific products is
essential to a proper understanding of the work presented. Their use
in no way implies any approval endorsement, or recommendation by
NBS. (Sce 1. 101 in references).
L
The cryostat consists of concentrically mounted specimen,
specimen shield (filled with glass fiber), vacuum can, and Klass cryo-
gen dewar. The glass dewar is supported by a stainless steel con-
tainer soldered to the top plate to create a closed system. This sys-
tem is immersed in a nitrogen-filled stainless steel dewar. For tem-
peratures up to about 200 K, the inner glass dewar is filled with liquid
helium, hydrogen, or nitrogen depending on the temperature range de-
sired. The outer dewar is filled with liquid nitrogen to reduce the
boil-off rate of the liquid in the inner dewar. The pressure above the
liquid in the inner dewar is controlled with a manostat to isolate the
bath from atmospheric pressure variations which in turn would create
temperature variations of the bath. To obtain measurements in the
range of 200 to 300K the outer stainless steel dewar is removed and
the inner dewar is filled with either a dry ice-alcohol bath or an ice
water bath.
The top end of the specimen is clamped to a temperature con-
trolled copper heat sink (floating sink). A heater is attached to the
bottom end of the specimen. The temperature of the specimen is de-
termined at eight equally spaced positions along its length by thermo-
couples fastened tc knife-edged thermocouple holders. Heat losses
from the specimen are minimized by evacuating the specimen cham-
ber, surrounding the specimen with a temperature controlled cylin-
drical shell and filling the space between the specimen and shell with
glass fiber. The upper end of the shell surrounding the specimen is
attached to the floating sink. The shell temperature distribution is
controlled by means of a main heater at the bottom of the shell and
three trim heaters equally spaced along the shell. The temperature
differences between the specimen and shell are determined by differ-
ential thermocouples located at the heater positions.
3
The floating sink is attached to the lid of the vacuum can by
means of three standoff bolts. An electrical heater is wrapped on
these bolts to allow temperature control of the floating sink and thus
the upper end of the specimen and surrounding shield.
A heavy copper ring (about 10 cm diameter, 1 cm thick and 2. 5
cm long) is attached to and in good thermal contact with the lid of the
vacuum chamber. This lid in turn is in direct contact with the tem-
perature controlled cryogenic liquid. The copper ring serves as the
temperature reference for all of the thermocouples in the system.
Mounted in the copper ring is a platinum resistance thermometer to
determine the reference temperature for temperatures above 20K.
The electrical resistance of the specimen is determined by pas-
sing an electrical current through it and measuring the potential drop
between thermocouple holders number one and eight. Forward and
reverse readings are taken to eliminate the Seebeck voltage from this
measurement. The Seebeck voltage (thermovoltage) is determined
from the difference in forward and reverse readings and is also meas-
ured directly with zero electrical current. The Seebeck voltage is
measured with respect to ''normal'' Ag wire (Ag-0. 37 at. % Au. )
The differences between this apparatus and that described earl-
ier by Powell, et al [ 1] are: (1) the addition of the floating sink and its
associated control circuitry, (2) two additional trim heaters along the
shell surrounding the specimen, (3) use of glass fiber radiation shield-
ing around the specimen to extend measurements above 120 K, (4)
pressure control on the space above the cryogenic liquid, (5) use of
therrriocouples with a higher seribitivity at low temperatures, (6) use
of more advanced electronic control circuitry and measuring appara-
tus.
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2. 1	 Specimen Assembly and Thermocouples
The specimen is clamped at its upper and lower ends to
the floating sink and specimen heater respectively. To improve the
thermal contact at these clamps a thermal contact grease is applied.
Better contact has been obtained using an alloy of indium and gallium
(liquid at room temperature). However it was found that this material
reacts with aluminum, for example, and probably diffuses quite rapid-
ly with other samples. Its use was discontinued until more of its
characteristics are understood.
The specimens are 23 cm long cylinders. The cross-
sectional area of each is based on the thermal conductivity of that
specimen. The best conductors have the smallest cross-sectional
area (0. 02 cm2 ) while the poorest conductors have the largest cross-
sectional area (5 cm2 ). The diameters of these specimens is meas-
ured to within t 0. 0001 cm at several points along each specimen. The
maximum, diameter variation measured for a given specimen is about
f 0. 0003 cm from the mean diameter.
The thermocouples are attached to the thermocouple
holders via epoxy cement, a metal cylinder, and a coating of thermal
contact grease. This assembly is shown in figure 2. The knife edge
on each thermocouple holder fits into a machined groove (0. 05 mrri
deep) on the specimen. These grooves are machined at a spacing of
2. 540 f 0. 003 cm. The actual spacing is determined with a gonio-
metric microscope to f 0. 0001 cm.
The temperature measuring and differential thermo-
couples are Chrornel vs Au-Fe (Au-0. 07 at. 7o Fe). These thermocouples
were fabricated from single rolls of Chromel and Au-Fe wires.
Segments of wire from the beginning and end of these rolls were spot
calibrated in the range 4 to 300 K using the boiling point of liquid helium,
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liquid hydrogen, liquid nitrogen, the sublimation point ()f CO;) and the
triple point of water. These spot calibrations were compared with the
,itandard table (as established at this laboratory by Sparks, et al [21 l
and a new table was established for these thermocouples. The differ-
ences between thermocouples f -om the same roll were negligible, i.e.
the emf of a thermocouple constructed from the opposite ands of the
Au-Fv wire used in this apparatus was less than 1 microvolt with one
unction in liquid helium and the other junction in ice. This represents
a change in the mean thermopower of less than 1 part in 5000. Also
cane of the thermocouples in the apparatus was intercompared with a
germanium-resistance-thermometer from 4 to 30K. In this range no
difference could be measured between this thermocouple and those
fabricated for spot calibration. The thermopower of the standard
thermocouple is illustrated in figure 3. The emf differences between
the thermocouples used in this apparatus and thl, standard calibration
table are shown in figure 4.
The standard table for these thermocouples presented by Sparks,
et al 1ll is based on the temperature scale IPTS-08. The IPTS-08 is
the present best estimate of the thermodynamic temperature scale.
The gradient along the specimen as determined from these thermo-





High precision temperature controllers are used on the
floating sink, the shell surrounding the specimen,and the cryogenic
liquid surrounding the specimen chamber. The first two are elec-
tronic while the latter is mechanical. The heart of the electronic con-
trollers is a DC proportional and integral amplifier capable of 1 milli-
degree control when used in conjunction with a DC bridge, differential
1
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thermoc,,uples, and conventional low level (microvolt) amplifiers.
This unit was developed by J. C. Jellison and N. C. Winchester of
the Cryogenics Division. The control circuit for the floating sink is
shown in figure 5. The sensing resistor is a copper wire resistor for
temperatures above about 30K and a conventional carbon resistor for
temperatures below about 30 K. The dummy leads shown are leads
from the instrumentation rack to the cryostat paralleling these to the
sensing resistor. This is to compensate for temperature drift effects
on the sensing resistor leads. This circuit is capable of controlling
the floating sink temperatures, and therefore the upper end of the
specimen, to better than 1 millidegree.
The shell-to-specimen difference temperature is con-
trolled with a similar circuit but the sensing elements are the differ-
ential thermocouples between :-.he shell and specimen. This circuit is
capable of maintaining the shell temperature within 1 millidegree of
the specimen temperature at the control point. At the present time
only the bottom (main; heater on the shell is automatically controlled;
the trim licaters are adjusted manually. However in the near future
all of these heaters will be placed on automatic control.
The mechanical pressure control (manostat) on the cryo-
genic liquid surrounding the cryostat is capable of controlling the vapor
pressure of the liquid to about 0. 1 mm of Hg. This manostat is simi-
lar to one described by Plumb ^ 31 For liquid nitrogen, hydrogen., and
helium at their normal boiling points this corresponds to temperature
control of 1, 0. 3, 0. 1 millidegree respectively. At the triple point of
nitrogen a pressure variation of 0. 1 mm of Hg corresponds to a tem-
perature variation of 5 millidegrees. These numbers are somewhat
misleading, since undoubtedly there is some stratification in the liquid.
1
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,rhu y as the liquid level drops due to boil-off, the temperature at a
fixed point in the dewar changes slightly even though the pressure at
the surface remains constant.
2. 3	 Thermal Tempering of Wires
All of the leads attached to the specimen assembly
are brought horizontally to the shell, then up the shell and finally to
the reference temperature block. On the reference temperature block
the wires are all soldered to small copper wires which are taken out
of the vacuum system via stainless steel tubes and wax seals at room
temperature.	 It is important that the wires are brought into near ther-
mal equilibrium with the shell and reference block respectively. To
accomplish this, a calculated length of wire is cemented to an isother-
mal region on each of these components. The length calculation has
been performed (with « safety factor of about 5) to assure a temper-
ature difference of less than 1 millidegree. Bringing about such equi.
libriuin is here referred to as thermal tempering or just tempering.
It is obvious in the case of the reference temperature
block why these wires must be tempered to the reference block. Any
errors which are present clue to poor thermal tempering will appear
directly in the appal ent temperatures of the samp l e. The differential
thermocouples used to control the sample to shell temperature differ-
ences must also be well tempered to an isothermal region on the shell.
To create isothermal regions on the shell, copper bands are attached
to the stainless steel shell at each measuring position. Again the
length of wire required to temper to within 1 millidegree has been used.
All leads from the specimen are thermally tempered to the shell at the
appropriate location to minimize the conduction heat loss along these
leads.
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All of the copper leads going from the reference tem-
perature block to room temperature are thermally tempered to a cop-
per block in contact with the liquid nitrogen in the outer dewar. This
is to reduce heat flow to the reference block and also to reduce the
boil-off rate during liquid helium tests.
2.4	 Measuring System
To determine the thermal conductivity, electrical resis-
tivity and thermopower as a function of temperature we need to deter-
mine the temperature of the reference block, the temperature distri-
bution of the specimen, the specimen heater power, the specimen re-
sistance, the Seebeck emf and the dimensions of the specimen. The
emfs are measured with a seven dial potentiometer-null detector sys-
tem. The temperature of the reference block is determined from the
resistance of a platinum resistance thermometer (No. 1037903) cali-
brated from 10 to 90K on the NB S- 55 scale and above 90K on the IPTS
(1948) scale.	 Corrections have been applied to convert both of these
to the IPTS-68.	 The 1958 He4 vapor pressure scale [4] is used to estab-
lish the reference block temperature for the liquid helium tests.
The specimen heater power is determined by measuring
the electrical current and voltage across the specimen heater. The
voltage leads are connected in such a way so as to include one-half of
the power generated in the current leads between the specimen and
shell. This is based on the assumption that about one-half of the heat
generated in these leads flows to the specimen heater while the other
half flows to the shell. The electrical resistance of the wire from
specimen to shell is about 0. 2% of the total heater resistance. This
connecting wire was selected as a compromise to satisfy two conflicting
criteria: (a) small electrical resistance compared to the heater resis-
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tance.(b) large thermal resistance to minimize heat conduction from
specimen to shell. A strip chart recorder is part of the measuring
Hystem to facilitate observation of drift rates and other fluctuations
in any of the measured voltages.
3.	 SPECIMEN PREPARATION AND MEASUREMENT TECHNIQUES
The specimens are machined and ground to specified nominal di-
mensions, after which they are accurately measured in a temperature-
controlled measurement lab. Without further undue mechanical or
thermal abuse, each specimen is fitted with thermocouple holders and
heater. The specimen assembly is installed in the cryostat, the space
between the shell and specimen is packed with glass fiber, and the
vacuum can is soldered into place. The cryostat is evacuated to bet-
ter than 10 -6 mm of Hg and is subsequently cooled with the desired
cryogenic liquid. The specimen is brought into equilibrium with the
bath temperature (helium exchange gas at about 100 to 500 microns
pressure is generally introduced into the vacuum space to speed
the approach to equilibrium). With all power off to the specimen
heater and shield heater,the zero emf of the thermocouples are read.
These zero corrections caused by various inhomogenities in the cir-
cuit are considered to be constant throughout the run with each dif-
ferent cryogenic bath.
Data on a given run are taken only after thermal steady state
has been established with a vacuum of better than 10 - '3 mm of Hg.
Thermal steady state is considered established after systematic drift
of the indicated thermocouple temperatures are below the detectability
or controllability limit, approximately 1 millidegree per hour.
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Isothermal resistivity data are obtained at the same time that
the zero emfs are recorded. Also, to obtain further isothermal re-
sistivity data and information regarding the differences between the
eight measuring thermocouples, data are taken with the floating; sink
above the temperature of the surrounding bath but with no heat input
to the specimen. The thermocouplet; thus indicate the temperature'
difference from the specimen to the reference block. If the specimen
► s at equilibrium with the floating sink then all eight thermocouples
should produce the same emf. The scatter in these recorded emfs
is an indication of the validity of using a single calibration table for
all eight thermocouples. No significant deviations between thermo-
couples have been detected by this procedure.
4.	 CALCULATIONS AND DATA ANALYSIS
4.1	 Thermal Conductivity
The defining equation for one-dimensional heat flow is
Q	
^(T)AdX	 (1)
where Q is the rate of heat flow thru the rod, ^(T) is the thermal con-
ductivity of the rod at temperature T, A is the cross-sectional area
of the rod, and dT/dX is the temperature gradient along the rod at
temperature T.
Solving for X(T) we obtain




Several methods can be used to obtain ^ values from the experimental
data.
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4. 1 . 1 Difference method
Values of X(T) can be obtained from the measured
values of X i , T i by equating the derivative dX/dT to the ratio of incre-
ments DEC /AT (AX and AT are the distances and temperature differen-
ces between adjacent measuring; positions on the s pecimen respec-
t ively).
( 
'T) ti (.^ 0 XA 6T
This method results in 7 values of X(T) for each run; T is the mean
temperature between each adjacent pair of thermocouples.
4. 1 .2 Semi continuous method
One could also represent functionally the X i , Ti
data by a least squares fit to obtain the parameters, Al , A2 , ... Am,
X	 X (T, Al , A.? , ... A m ).	 (4)




which yields a continuous set of values of X over the temperature range
of each run. Of course since each run :s treated separately one would
end up with a set of discontinuous curves.
4. 1. 3 Continuous niethod
It would be more desirable to represent the meas-
cared data for all of the runs simultaneously. This would have the ad-
vantage of resulting in a X(T) function continuous over the entire range




the least squares fit is then based upon 8n points (n is the number of
runs) instead of just 8 points. This can be accomplished in the follow-
ing manner. In the absence of experimental errors it is clear that one
should obtain identical values of X (from overlapping runs) at a given
temperature regardless of the value of Q , A. or X. For two over-
lapping runs these variables may be different at the given temperature.
Thus if we rewrite equation (2) in the form
dI	 Q XX(T) _ - dT where Z = A	 (6)
we see that
7. = Z(T, Al , Aa,, ... A m )	 (7)
can differ from run to run only by a constant. Thus in general we have
Z = Z  (T, Al , A2 , ... A m ) + bj	(8)
The bj , called shift factors, serve only to account for the discontinu-
ous shifts which occur in the Z versus T values from run to run, and
do not appear directly in the function dZ/dT. Thus we can fit the 8n
data points to determine the m parameters, Al , A2 , ... Am , and ti:e
n- 1 shift factors, b 2 , b 3 , ... b n .	 Note that the first shift factor is
arbitrarily set equal to zero. The number of degrees of freedom of
the fit in the absence of other conditions 	 therefore 7n - m + 1 . In
this experiment we have eight thermocouple measuring stations and
the temperature differences between adjacent positions is generally
smaller than about 10K, sometimes less than 1 K. Because of these
small temperature differences the results from equations (3), (5), and
(6) should be quite similar.
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4.2	 I-Avetric•al Resistivity
'I'hc nicasureniont ()f c • urrc • iit through and voltage across
the specimen determines the specimen resistance between measuring
stations 1 and 8. Most of the measurements are made with a thermal
gradient on the specimen and since tilt , measurement is across the en-
tire specimen the total span of temperature may be quite large (over
100K). Thus, resistivity data, as a function of teniheraturc, i7iust hc-
ubtalned from measured resistaiiccs of a non-isothermal specimen.
The defining equation for resistivity is
[t	 i ;cam p (T )dX (9)J	 A
xl
4.2. 1 Mean temperature method
The approach generally taken is to assume that
0 (T) and dX/dT are slowly varying functions over the specimen, which
results in
p(T)	 p	 _ RA , where T	 T2 + T 1	 (10)
x	 x2 -X 1	 Z
and p
x 
is the average resistivity over the specimen.
It is noted that, if large gradients exist in the
specimen, equation (10) may be significantly in error. In this experi-
ment we have measured temperatures at eight position: along the spec-




	 Ti LX 
x.I	 X2	 7	 (11)
f d 	 6XiX 
1 1
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where the summation extends over the seven measured segments and
Ti is the mean temperature of the i th segment. One can check the as-
sumptions after obtaining; the p (T) curve. The o (T) values are inserted
into equation (9) and compared to the experimental data for each run.
This calculation is done numerically with
7	 _




The differences between values calculated from equation 112) and meas-
ured resistances will indicate whether systematic errors exist in the
data representation.
4.2.2 Approximate integral method
One can use the more correct but also more com-
plicated procedure as follows. From equation (9) we obtain
X2	 7
RA r p ( T)dx ti
4E
p ( Ti) LX i	(13)
X1	 1= 1
where Ti is the mean temperature of the i th segment. Now we assume
a functional form for the resistivity versus temperature equation over
the temperature range of all the measurements.
p (T) = a, f 1 (T) + a 2 f2 (T) + ... am fm(T)	 (14)
where a l , a2
 ... aT-n are parameters and f l , f2 ... fm are specified
functions of temperature. Substituting (14) into (13) we obtain
7	 7	 7
RA a	 fi (Ti)AXi + a2Z f2(Ti)OX i +... +anl	 fm(Ti)AXi .
i= 1	i=i	 i=1	 (15)
I
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With the n experimental values of R (n Z m) we may perform a least
squares fit of (15) to determine the m parameters, a l ,	 a 2	... am.
Some of the electrical resistivity measurements
are carried out under isothermal conditions. For these measurements
one obtains from (9) and (14)
RA = P(T)	 _ al f l ( T ) + a2 f2 (T) +... + amfm(T)	 (16)
X2-X 1 X2-X1	 X 2 -X1	 X2-X1
where T is measured. Thus (15) and (16) can be used simultaneously
to determine the parameters.
4.3	 Thermopower
The problem of determining the thermopower of a speci-
men is similar to that for determining the electrical resistivity. The
quantity measured is the Seebeck voltage, V s , over the temperature
interval T 1 to T2 . The thermopower, S, is defined by
T2
VS f	 SdT = S(T 2 - T1 ).	 (17)
Ti
For small gradients the equation (difference method)
V sS(T)S 	 (18)T2-Ti
yields a relatively accurate estimation of the thermopower at temper-
ature T. However as the gr^.dients become larger, if S varies with T,
this approximation becomes progressively worse. An approach which
allows one to circumvent this difficulty is based on the following inte-
gral method. Assume a functional form for S,
dg 
S = b l gi (T) +b 2 ga (T) +... +b mgm (T), where gi - dT '(19 )
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Performing the integration in (17) we obtain
Vs = b l ig i ( T2)- g i (Ti)] +b2[g2(Ta)-g2(Ti)]+... +bm [ Am(T2)-gm(Ti)] •
(20)
Equation (20) is dependent upon the measured variables V s , T21 TI , and
the parameters b l , b 2 , ... , bm . The m parameters can be determine(-
by least squares fitting of n ^! m sets of measurements.
4.4	 Lorenz Ratio
The Lorenz ratio, L, is defined as the product of the
total thermal conductivity, X, and electrical resistivity, P, divided by
temperature, T.
PXL = ,I,
Methods have been described to obtain X and P as a function of temper-
ature. These functions may be used directly to obtain the Lorenz ratio
as a function of temperature.
5.	 ERROR ANALYSIS
Terms such as accuracy, uncertainty, imprecision, etc are used
with various meanings by different authors. This is due, at least in
part, to the lack of rigorous definitions for some of these terms. To
avoid this confusion a brief discussion of such terms is included here.
This discussion is generally consistent with papers by Eisenhart^5]
Natrella^ 6 ] AST M [7l and Ku[8]
In this paper the words accuracy and precision will refer to a
measurement process while the word uncertainty will refer to the re-
ported values obtained from such a process. The uncertainty of a
reported value is indicated by giving credible limits within which the
"true" value is to be found. There is, of course, a certain amount
of risk that the true value will fall outside of these limits. The
(21)
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reporter's estimate of the magnitude of this risk is generally not made
clear. Some authors will give limits which allow essentially no risk
( 100% confidence) others will allow large risk (say less than 50''o con-
fidence), In this paper we will consider the risk to be relatively small
(about 95% confidence). The uncertainty of a reported value is deter-
mined by the accuracy ( strictly inaccuracy) of a measurement process
and, in part, by the number of times the process is repeated.
The accuracy of a given measurement process is determined by
both the random and systematic (bias) errors inherent in the measure-
ment process. The magnitude of the total random error determines
the precision (strictly, the imprecision) of the measurement. Pre-
cision thus concerns the closeness together or repeatability of meas-
urements; while accuracy concerns closeness to what was to be meas-
ured. This implies that one must also very carefully state that which
is to be measured. For example, in this work we measured the ther-
mal conductivity of specific specimens,not of specific materials. To
do the latter one would have to measure several specimens of each
material. The usual basis of the indices of precision is the standard
deviation of the statistical distribution of the measurement involved.
Unfortunately, a single comprehensive measure of accuracy (or in-
accuracy), analgous to the standard deviation as a measure of impre-
cision, doeb not exist. To characterize the accuracy of a measure-
ment process it is necessary to indicate (a) its systematic error or
bias and the degree of confidence of the writer (b) its precision using
a well defined index of precision. It is noted that the statistically
precise concept of a family of confidence intervals associated with a
definite confidence level is applicable only to data based on a meas-
urement process encompassing an adequate sampling of the total range
of circumstances. It follows that these concepts are not strictly
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applicable when systematic errors are a significant part of the inaccu-
racy of the measurement process. In many experiments, especially
this one, it is highly impractical to accomplish an adequate sampling;
of the total range of circumstances and thus a subjective estimate of
the magnitude of systematic errors is necessary to completely de-
scribe the uncertainty of the results presented.
To characterize the unc,_Mtainty of a reported value, we will use
the same approach as in characterizing the accuracy of a measurement
process: (1) indicate the probable systematic error in the final result
at an estimated 95% confidence,(2) indicate the imprecision of the final
result by giving the standard deviation of the mean (commonly called
the standard error). Note that the standard error is dependent upon
the number of measurements, while the standard deviation of the
measurement process is not.
The total uncertainty of a reported value will be indicated by a
single number obtained from the bias estimator (95% confidence) and
Me equivalent 95% confidence level confidence inter-al based on the
imprecision of the measurements. The root-mean-square value of
these independent quantities is taken as the uncertainty of the reported
data.
It is to be noted that the data and final results reported in this
report are properties of specific specimens. These data do not
represent the properties of the indicated materials since no attempt
has been made to ascertain the variability between specimens of the
same material. It thus follows that the uncertainties presented include
only our measurement uncertainty not the material variability. Ma-
terial variability may well be as much as 5 to 10%. This may be
thought of in terms of the range of circumstances investigated. Since
material variability was not part of this range, it represents a pos-
sible source of systematic error, i.e. , these results do not represent
the mean of several specimens of the same material.
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the experimental errors in this work are classed generally as
temperature measurement errors and heat flow errors. Each of
these can be further subdivided into systematic and random errors.
Both of these affect the overall uncertainty of the results but the latter
determines the imprecision of the measurement process. Some of
these errors are systematic errors on a single run but tend to become
randomized over the entire sequence of measurements on a single
specimen. It is desirable to randomize as many as possible of the
potential systematic errors (i.e. make measurements over a larger
range of circumstances) to get a better measure of the probable data
uncertainty from the imprecision of the measurement process.
5. 1	 Temperature Measurement Errors
In the determination of the uncertainty of thermal con-
ductivity and thermopower both temperature and temperature differ-
ence errors must be considered. In the measurement of electrical
resistivity, however, only the temperature measurement errors con-
tribute to the total uncertainty. This distinction should be noted in
the following discussion.
5. 1. 1 Reference block temperature
The reference junction for each of the thermo-
couples is on the reference block. Thus any error in the temperature
determination of the reference block will appear in all other measured
temperatures. The reference block temperature; is determined with
a platinum resistance thermometer (PRT) for each of the runs except
the liquid helium runs. The PRT measurements are uncertain by
0.01 K below 90K and 0.002K above 90K. The PRT measurement
uncertainty is caused primarily by thermally and electrically induced
noise. This PRT was calibrated in 1953 by NBS, Washington. In
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1960 its calibration was checked by L. L. Sparks of the Cryogenics
Division, NBS, Boulder. The differences found at 20, 75, and 273K
were -0.00057, 0. 00007, and 0. 0002 ohms respectively. These dif-
ferences were plotted and interpolations were performed on the re-
sulting curve to obtain a new calibration for this PRT. The interpo-
lation is uncertain to about 5 mK in the 20 to 90 K range and 1 mK in
the 100 to 273 K range.
The reference block temperatures for the liquid
helium runs are determined using the 1958 fie 4 vapor pressure scale l4]
The temperatures obtained from the He  vapor pressure determina-
tions are uncertain by 0. 01 K. Neither the measurement of vapor
pressure nor the temperature -pressure relation contribute a signifi-
cant error. However the reference ring temperature may be slightly
higher than the liquid helium temperature because of heat flow across
the interface between the specimen chamber lid and the liquid helium.
Also there may be some stratification in the liquid resulting; in actual
temperatures slightly lower than the measured temperatures. Neither
of these effects produces a systematic error in the case of the PRT
measurements at higher temperatures since the PRT is mounted di-
rectly on the reference block.
The thermal tempering calculations indicate that
the thermocouple reference junctions are within 1 mK of the reference
block.
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5. 1.2 Specimen temperatures
The measured specimen temperatures may be in
error for several reasons. Thermocouple calibration errors, speci-
men temperature disturbances caused by the attachment of thermo-
couples, thermocouple contact resistance, extraneous ther-lal emfs,
and reference block temperature measurement errors are contrib-
uting factors to the total specimen temperature error. As pointed out
in section 2. 1 the thermocouple calibration is determined from the
standard table as modified by spot calibrations for these specific
spools of wire. The calibration uncertainties of the standard table
are reported by Sparks, et a1 [21 as less than 0. 015 K. The interpola-
tion-calibration uncertainty of the subsequent spool calibration is
somewhat larger. The deviations between the spool calibration and
the standard table are shown in figure 4. Interpolations from figure
4 are uncertain by IaV between 4 and 20K and ZaV between the higher
temperature calibration points. The interpolation error will be great-
est midway between the calibration points. This corresponds to a
maximum absolute temperature uncertainty of about 0. 1 K and a rel-
ative temperature difference uncertainty of 0. 5% between 4 and 20 K,
0. 2% between LO and 76 K and 0. 1% above 76 K. Another source of
error is present since all thermocouples are represented by a single
calibration table. Real differences undoubtedly exist between these
thermocouples; however, as indicated previously these differences
are less than IaV, even for a temperature interval from 4 to 300 K.
The magnitude of the temperature disturbance
caused by the thermocouple attachment will be small if the shell tem-
perature is adjusted to minimize heat flow along the thermocouples to
the sample. This adjustment also minimizes the problem introduced
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by thermal contact resistance between the specimen and the thermo-
couples. It is difficult to assess the effect of these errors separately.
Frrors caused by these effects, combined with conduction and radi-
ation losses, are considered in a later section.
Extraneous thermal emf in the thermocouple leads
are in part eliminated by considering the isothermal zero readings
previously mentioned. Experimentally these zero readings are "ound
to consist of a fixed component and a smaller variable component. The
former is probably caused by the general environment of the apparatus
and the latter by short term temperature fluctuations in the apparatus.
The fixed component of the zero readings is eliminated by subtracting
it from the experimental data in the presence of a gradient. The vari-
able component contributes about 0. 01 K to experimental imprecision
in the temperature differences.
The total uncertainty in temperature and temper-
ature difference is taken as the root-mean- square of the above com-
ponents. This method of propagating errors is valid for independent
errors^ S1 The possible error in temperature, primarily of a system-
atic nature, may be as high as 0. 1 J K above 20 K and 0. 5% of temper-
ature below 20K. The uncertainty in temperature differences con-
tains both systematic and random components. The systematic errors
in AT may approach 0. 5% of AT between 4 and 20 K, 0. Z% of AT between
20 and 761'%, and 0. 1%v of AT above 76K. The uncertainty in AT due to
random error is about 0. 01 K.
5.2	 Heat Flow Errors
The rate of h^:at g, aerated by the heater at the bottom of
the specimen is calculate( --.)n, )otentiometric measurements of volt-
age and current. Not all 0 v 'peat flows up the specimen. So:rie is
last, by conduction, through connecting; leads, glass fiber packing,
and gas. Some is lost, by radiation, to the shell and other components
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in the specimen chamber. Some heat is also effectively lost or gained
due to temperature drift and the associated en.*.halpy changes of the
specimen assembly.
5. 2. 1 Conduction lr s se s
The heat lost by conduction has been directly
measured at law temperatures where radiation losses are negligible.
These measurements, accomplished by heating up the shell a known
amount with respect to the specimen, indicate a loss or gain of about
0. 01 inW per degree difference between shell and specimen. These
losses increase with temperature due to the increase of the thermal
conductivity of the connecting components. This measured value
agrees with the calculated value to within the cc-nbined uncertainty of
both values (5050). It has been found experimentally that this heat loss
amounts to a small fraction ( < 0. 1%) of the total heat flow for a typi-
cal gradient and specimen -to - shell temperature differences which are
1 mK at the bottom of the specimen and 0. 1 K at the top.
5.2.2 Radiation losses
An upper limit has been established for the radi-
ation loss from the specimen. This calculation is based upon a knowl-
edge of the thermal conductivity (including radiation transfer) of the
glass fiber packing. The thermal conductivity of glass fiber as a func-
tion of packing density was reported by Christiansen, et al^9' 10l They
determined room temperature ( 300 K) conductivities of 0. 0065 and
0. 001 1 Wm -1
 K -1 at fiber densities of 112 and 15 lb/fe (8. 6 to 260 kg/
m3 ) respectively. At 190 K the measured values were 0. 0048 and
0.00056 Wm -1 K -1 at 8. 6 and 260 kg/m3 respectively. However the
measurements at 190K were done with an enclosure emissivity of
about 0.9 -:.,hile at 300K the emissivity was 0.2. Thus the decrease
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in thernial conductivity froin 300 to 190K was not as great as if the
emi s sivitie s had been the same in both cases. The fiber density in
this thermal conductivity apparatus was about 5 kg/m3 for the alumi-
num and titanium measurements. By varying the shell -to -specimen
temperature, data was obtained which resulted in a rough measure of
the thermal conductivity of the Klass fiber at 300K. The value ob-
tained, 0. 008 Wm- 1 K- 1 , is in reasonable agreement with the data by
Christiansen, et al.l 9, 101 Inlater measurements the packing density
was increased to further reduce the radiation heat losses. The radi-
ation losses that exist due to temperature differences between the
specimen and shell are on the order of 1 mW per degree difference at
300 K. However if the shell is maintained at nearly the same temper-
ature distribution as the specimen we need not be concerned about
this. We do need to consider the radiation loss through the glass fiber
parallel to the specimen, part of which comes from the specimen
assembly and part from the shell. Assuming that the ratio of these
heat losses is proportional to the ratios of the areas of each part we
can establish an upper limit to the percentage heat loss of the speci-
men as a function of the product X A of the specimen at 300 K and at
190K. Table 1 contains these upper limits at fiber densities of 8 and
260 kg /mO . The ratio of shell-to- specimen surface areas (including
specimen heater, thermocouple holders, and leads)is taken as con-





Specimen 190 K 300 K
XAIWmK^ i ) 5kg/m' 260kg/m" 5 kg/m" 260kg/m"
I	 x 10 -4 1.6 .2 13.0 1.6
2 .8 .l 6.4 .8
4 .4 .05 3.2 .4
6 .25 .03 2.0 . 3
8 .20 .025 1.6 .2
10 x 10 -4 .15 .020 1.2 .2
cnclosure emissivity	 0.9
The smallest X A encountered in the measurements reported here is
6 X 10 -4 WmK -1 at 300 K. Thus the radiation error with a packing
density of 5 kg/m' is estimated to be less than 2% at 300 K for the
poorest cut,., for measured. At 200 K this error is less than 0. 25%.
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5. 2. 3 Temperature drift effects
As the temperature of the specimen assembly
varies, the heat content or enthalpy of the assembly changes. These
enthalpy variations represent corresponding changes in the rate of
heat flow at a given point in the specimen. The obvious solutioi, to
this problem is to obtain true steady state conditions. Of course: it
is experimentally impossible to do this exactly and so one must design
the system such that the e f`.ect of maximum temperature drift rates at
"steady state'' are tolerable. The amount of heat per unit time,
drift' absorbed or liberated by the specimen assembly due to a tem-
perature drift of dT/dt can be estimated from
6drift -^ C M dt Cm dt
	




where C is specific heat and m is mass. The specific heat of these
materials changes greatly between 4 and 300 K. The largest specific
heats occur at 300 K and thus the severest restriction on the tolerable
dT/dt will be seen at 300K. The mass of the aluminum heater block
is 15 g. The mass of the eight thermocouple holders varies from 15
to 45 g depending on specimen size. The cross- sectional areas of the
various specimens are adjusted in accordance to their relative con-
ductivities so that the rate of heat flow is about the same for a given
temperature and temperature gradient. However specimens larger
than about 2 cm diameter cannot be used in this apparatus. A speci-
men such as Inconel 718 represents about the worst case, i.e. ,
smallest heat flow for a given gradient and largest heat capacity.
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The rate of heat flow to produce a small (say 10K) temperature dif-
ference across this entire sample at 300 K is 0. 04 watts. The mass
of the Inconel 718 specimen is 200g. To insure r at enthalpy changes




)r for Chromel vs Au-Fe thermocouples
dE s 0. 03aV1hr.
dt
Thus the control system on the floating sink must be stable to within
about 0. 00) 5 K/hr and the measuring instrumentation must be capable
of detecting changes in thermocouple emfs of 0.03u,V/hr. In each ease
this represents approximately the limitation of these systems.
In summary, we can say that at low temperatures
(below 100 K) the uncertainty in the amount of heat flowing in the speci-
men is negligible (< 0. 1%) if the temperature of the specimen is steady
to within the limitations of this instrumentation (0. 0015 K/hr) and if
the shell -to -specimen temperature difference is less than 0. 1 K.
Above i00K radiation heat transfer parallel to the specimen becomes
important. For Inconel 718 the radiation heat loss may be as much as
2% even if the shell temperature matches the specimen temperature.
If a shell-to-specimen mismatch occurs, radiation perpendicular to





Dimensional and Measuring System Errors
The errors in measuring cross-sectional area and ther-
mocouple position are relatively small. The uncertainty in the diam-
eter determinations is less than 0.0001 cm, this for the smallest speci-
men measured (0. 1 cm2 cross-sectional area) corre--^ -As to 0. 03%.
The position of the thermocouples is measured to w '. 1 0. 0001 cm.
The separation between adjacent thermocouples (2, :m) is therefore
accurate to within 0. 004 %. 	 The properties presen^ect in this paper are
with respect to the room temperature dimensions of the specimen. If
the properties at the true dimensions are desired small corrections
must be applied for contraction of the specimens upon cooling. This
correction is on the order of 0. 1% at 4K for these specimens. The un-
certainties introduced by the measuring instruments are also in general
negligible compared to other uncertainties in the system. The thermo-
couple, and specimen resistance voltages are measured to within 0. 011V.
The specimen heater voltage and current are measured to better than
0.01 %. The PRT voltages and currents are measured to better than
0.01%, except at 20K where the uncertainty in PRT voltages is 0. 1%.
5.4	 PrEe^ision, Accuracy, and Uncertainty
The primary objective of the preceding error analysis is
to obtain an estimate of the probable systematic errors in this meas-
urement process. The expected imprecision of the measurement pro-
cess also may be estimated from this analysis; however, a more reli-
able estimate of the imprecision is obtained from a statistical analysis
of the experimental results. The estimated systematic errors of the
properties reported here are obtained through the use of error propa-
gation formulas [8J and
 
the estimated systematic errors in the measured
variables. Considerable experimental effort has been directed toward
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assessing the validity of these estimates. Runs have been repeated;
runs have been conducted with overlapping temperature ranges at a
given reference block temperature and also with different reference
block temperatures; in some eases the specimen has been measure-1,
removed, reassembled, and remeasured; the effect of shell-to-speci-
men temperature differences has been investigated; to randomize sys-
tematic thermocouple calibration errors, eight thermocouples were
used along the specimen instead of only two or three; the effect of
specimen temperature drift has been experimentally investigated.
'T'hese investigations and the design of the apparatus results in a high
degree of confidence in our error estimates.
The estimated systematic error in thermal conductivity,
caused primarily by error in determination of heat flow and temper-
ature difference, is 2% at 300K decreasing as T 4 to 0. 2% at 200 K,
0. 2% from 200 K to 50 K increasing again to 1% at 4 K. The estimated
systematic e; ror in electrical resistivity is 0. 05%n below 30 K and 0. 1%
at higher temperatures. At low temperatures the electrical resistivity
becomes essentially independent of temperature, except for the graph-
ite specimen, and thus the systematic errors are primarily due to di -
mensional errors. The systematic error for graphite is estimated as
0. 1% over the entire range.
The systematic error in thermopower with respect to the
reference material (normal silver) is estimated to be less than 0. 5% +
0.014V/ K at 4K, falling to 0.2% + 0.014V / K at 30K, and to 0.1% +
0. 01 µV/K above 76 K.
Estimates of the standard deviations of the measurement
processes for thermal conductivity, electrical resistivity, and thermo-
voltage are obtained from all of the data obtained at this time. The
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standard deviation of the measurement process is computed from the
variance of the least squares fit, i.e. the sum of the squares of the
residuals divided by the degrees of freedom. The standard deviation
of the thermal conductivity measurement is 1. 0% of the conductivity
based on values ranging from 0. 7 to 1. 7% for various specimens.
The standard deviation of the electrical resistance measurement de-
pends strongly on the resistivity of the specimens. The standard
deviation for the better conductors such as Be is about 0. 1%. For
the poorer conductors the standard deviation of the electrical resis-
tance measurement is about 0. 01%. The larger deviations can be re-
duced somewhat by using a larger electrical current through the good
conductors, however, care must be exercised to avoid transient heat-
ing effects caused by the power dissipation in the small connecting
leads. The standard deviation of the thermovoltage measurements is
0. 4t based on values ranging from 0. 04 to 0. 144V for the various
specimens.
Estimates of the standard errors of the reported calcu-
lated values for thermal conductivity, electrical resistivity, and ther-
mopower are calculated from the variance-covariance matrix of the
parameters determined by least squares fit for each of the data sets.
The method of calculation is given by Natrella [6] (Standard deviation
of a predicted point, page 6-12). The computed values are temper-
ature dependent and vary from specimen to specimen; average values
of the standard error are 0. 25% for thermal conductivity and 0. 1%
for electrical resistivity at low temperatures and 0. 05% at high tem-
peratures. The standard error for thermopower varies from 0. lUV/K
at the lower temperatures to 0.0034V/K at the higher temperatures.
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1Fused on these estimates of possible systematic bias
and standard error, we estimate (with 95% confidence) the uncertainty
in thermal conductivity to be 2. 5% at 300 K, decreasing as T 4 to 0.70%
at 200 K, 0. 70% from 200 K to 50 K, increasing to 1. 5% at 4 K. The
uncertainty in electrical resistivity is 0.25%. Therniopower uncer-
tainty is estimated as 0. 5% + 0. 2µV/K at 4K, 0.2% + 0. 054V/K at
10 K, and 0. 1% + 0. 034V/ K above 76 K.
SPECIMENS
Measurements have been performed on several aerospace alloys
and PO-3 graphite. The characterization data for these specimens
are presented in Table 2. All specimens except beryllium were meas--
ured in the "as received" condition. The reactor grade: beryllium
specimen is the same one measured by Powell, et al. l 1 ll Since that
time it has been bombarded with a neutron fluence of 1. 1 X 10'8n /CM2
(E > 1 Mev) which reduced its conductivity by about 50%1 12 J It was
subsequently annealed at room temperature and then remeasured.
7.	 RESULT S
The experimental data are listed in Tables 3 thru 14. These
data were functionally represented by least squares. The methods
used of the various methods described in section 4 are (a) the differ-
ence method for thermal conductivity (section 4. 1. 1), (b) the approx-
imate integral method (section 4.2.2) for electrical resisti lty, and	 •.*.
(c) the integral method for thermopower. The other methods de-
scribed in section 4 were also attempted but for various reasons they
were discarded in favor of those indicated above.
The functions chosen to represent these three transport prop-
erties were chosen rather arbitrarily, since adequate relationships
based upon theoretical considerations are not available. These func-
tional forms chosen for thermal conductivity, electrical resistivity,





Material Condition Rockwell Av. Grain Composition Weight %
(Diameter) (Structure) Hardness Size(mm) (lass than 0. 1%
listed only)
Ti-A110 AT Annealed C-35 0.015 Ti-91.5,	 Ad.-5.,5,
(1. 13 cm) (HCP) Sn-2. 5,	 Fe-0.2,
C,	 N,	 H.
A, 7039 T 61 B-75 0.005 M-93.0,	 Zn-3. 6,
(0. 367 cm) (FCC) (10:1 Mg-2.55,	 Mn-0.23,
elonga- Cr-0.20,	 Fe,	 Cu,
tion with Si,	 Ti,	 Be.
sample
length
Inconel 718	 Abe-hard-	 C-39















Mo- 3. 18, Ti-0.85,
At -0.44, Mn-0.29,







Be-98. 7, BeO- 1. 18,
AC, Ni, Mn, B, Li.
Be (Reactor Neutron	 C-12 	 0.03
grade) axis irradiated
Of sample is and room
1 to pres- temper-
sing axis ature an-
(0. 367 cm) nealed
(HCP)




lnX _ ^ a i [in T j	 (22)
i- 1
m	 i +i





S	 ci [ln T'j / T'; T' = 10 + 1	 (24)
i-i
The parameters determined by least squares fit are tabulated in tables
15 thru 20. The following is a brief description of the method used.
The overdetermined set of equations defined by the experimental data
and the equation chosen to represent the data was formed. This set of
equations was converted to an orthonormal system according to the
Bjorck modification of the Gram-Schmidt orthoganilization procedurel131
The orthonormal coefficients for these orthonormal functions are then
obtained for the best fit of the data. The absolute magnitude of each
resulting coefficient is indicative of the relative significance of the cor-
responding term and also directly indicates the average absolute mag-
nitude of that term. This is so since the sum of squares of each ortho-
normal function is unity over the data set. A plot of the absolute mag-
nitudes of the orthonormal coefficients versus the term number will
exhibit a generally decreasing character until the noise level of the
data is reached and then fluctuate about that value. The point at which
th,- noise level is reached indicates the number of terms one should
retain in the function in order to best fit the data with this function.
This test procedure is similar to, but more straightforward and more
intuitively desirable than, a statistical test such as the F-test. From
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these orthonormal coefficients and functions one obtains the coefficients
(parameters) of the original equation. In this work the original equa-
tion is also fitted to the data using the more common procedure in
which one establishes the so-called normal equations and obtains the
least squares coefficients by matrix inversion. The Gauss-Jordan
matrix inversion routine [14] is used. Since the coefficients for a least
squares fit must be unique, disagreement between these two indepen-
dently obtained sets of coefficients is thus considered as an indication
of significant round-off error. The magnitudes of the orthonormal
coefficients for M. -7039 are plotted in figures 0, 7, and 8 to illustrate
typical behavior. The deviations of the experimental data from the cal-
culated values are shown in figures 9 thru 26 and are tabulated in tables
21 thru 38. The absence of systematic trends in these deviation plots
indicates that the data were not "underfitted", i.e. , the data were fit-
ted to within random error. Calculated values of the properties meas-
ured are shown in figures 27 thru 50 and tabulated in tables 39 thru 44.
The absence of oscillations in the calculated properties, not exhibited
by the experimental data, shows that the data were not "overfitted",
i.e. , the minimum number of terms was used to fit within the random
error of the data.
The thermopower values presented here are absolute values al-
though the measurements were carried out with respect to normal sil-
ver wire. The absolute thermopowers of normal silver reported by
Borelius, et al. ,1 51for temperatures from 2 to 293K were used to cor-
rect to the absolute scale. They estimate their values, given in table





8.1	 Ti A110-AT, lnconel 718, and Hastelloy X
The titanium alloy Ti A110-AT and the nickel alloys In-
conel 718 and Hastelloy X exhibit similar behavior in many respects.
The thermal conductivity values are not only similar in trend but also
the same in magnitude to ahoilA 20%. The electrical resistivity of each
of these materials is high and the room temperature to liquid helium
resistance change is small. Each of the electrical resistivity curves
exhibits a minimum near 25K. The high Lorenz ratios of these ma-
terials indicates that the lattice contribution to the total conductivity is
up to six times as large as the electron contribution. Such high lattice
contributions for alloys are often alluded to in the literature but not
often confirmed experimentally.
8.2	 Al, 7039
The aluminum alloy ( 7039) has a thermal conductivity
trend similar to the titanium and nickel alloys however the magnitude
of the conductivity of AC 7039 is about an order of magnitude higher.
Also it is clear from the Lorenz ratio that the heat conduction is pri-
marily due to the electron contribution and not the lattice. The elec-
tri,:al resistivity is smaller than for the titanium and nickel alloys
and the electrical resistivity ratio is appreciably higher. Nc , minimum
occurs in the electrical resistivity curve o= A: 7039
8.3	 Beryllium
The beryllium specimen was measured primarily as a
.ontrol specimen in conjunction with the irradiation effects program
at General Dynamics, Fort Worth, Texas. For this reason no data
were taken below 70K. For further details on these data and com-
parisons with earlier measurements see NBS Report 9713 (30th
Progress Report to NASA).
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g . 4	 PO-3 Graphite
The measurements on PO-3 graphite were also carried
out for comparison with measurements made by General Dynamics,
Fort Worth, Texas. These comparisons are given in NBS Report
9717 (31st Progress Report to NASA).
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Figure 1	 Thermal conductivity apparatus
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	Figure 4	 En-if differences between the thermocouples used in this












































Figure 6	 Thermal conductivity orthonorn-al coefficients for M, 7039
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Figure 7	 Electrical resistivity orthonormal coefficients for A, 7039
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Figure 10 Electrical resistivity deviations for Ti Al 10-AT
49







































	 50	 100	 150	 200	 250
	 300
TEMPERA T URE K







0	 50	 100	 150	 200	 250	 300
TEMPERATURE K












































0 50	 100	 150	 200	 250	 300
TEMPERATURE K











~ 0 	 50	 100	 150	 luu	 cZ)v
TEMPERATURE K

















3 0 050	 100	 150	 X00	 `50
TEMPERATURE




















-4 0 	 50	 100	 150	 u 	 c:Jv
"TEMPERATURE	 K

























































50	 100	 150	 zuu	 c:)v
TEMPERATURE K








. 0	 50	 100	 15U	 vv
TEMPERATURE K































50	 100	 150	 200	 2bU
TEMPERATURE K
































0 30050	 100	 150	 200	 znu
TEMPERATURE K











0 250	 30050	 100	 150	 200
TEMPERATURE K























50	 100	 150	 &-	
c1.)v
TEMPERATURE K















0 50	 100	 150	 200
TEMPERATURE K


















50	 100	 lbQ	 vv	 -j v
TEMPERATURE K


































	 200	 250	 300TEMPERATURE K
















0 30050	 100	 150	 200	 zt)u
TEMPERATURE K












50	 100	 150	 Zoo	 env
TEMPERATURE K
Vigure 38	 rherrtiOI-)()wer of Inconel 718
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Figure 50 Thermopo ► wer of PO-3 graphite
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I'lre data IIsi-d iii tables 3 thru 14 are, in Dart, card images of experi•-
mental data as reari into the computer for data processing. These data
are not clearly labelled. The following is a line by line explanation of
tables 3, 5, 7, (), 1 1 , and 13.
1 st line -	 Data identification
2nd lire: -	 Sample heater voltage (wW), current (rTrA), platinum re-
sistance thermometer voltage (µN), cryogenic bath pres-
sure (mnr of Hg), room temperature (c), platinum resis-
tance thermometer current (mA), code indicating type of
cryogenic bath (1	 Liquid helium, 2	 liquid hydrogen,
3	 liquid nitrogen, 4	 dry ice- alcohol, 5	 ice-water)
ird line -	 Thermocouple emfs (ILV )
401 line -	 Seebeck emf (uN), specimen current (rnA), specimen
voltage drop (uV)
5th line -	 'Thermocouple temperatures (K)
6th line -	 Heater power (watts), Reference temperature (K),
specimen resistance (ohms).
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r'Fa hle 3	 1'ranspurt property data for i l Al 10-A'1"
T ►4f RMAL CONDUCTIVITY DATA ON TI A110AT 5 AUG 67 910 PM
440415 4.4 30 -0.00 664.2 25.0	 -0.0 1.0
4 9. 26 58.82 68.11 76.94 85.01	 93.00 100.77 107. 90
1.84 100.00 242.67
T HERMOCOUPLE TEMPERATURES
7.558 6.180 8.776 9.328 9.847	 10.337 10.805 11.2 5 i
HEATER POWER REFERENCE TEMPERATURE	 SPECIMEN RESISTANCE
1. ,1480-003 4.070 2.4267-^03
T HERMAL CONDUCTIVITY DATA ON TI A110AT	 7 AUG 67 1245 PM
696895 7.0000 -0.00 653.0 24.5	 -0.0 1.0
101.77 119.56 136.35 152.10 166.64	 180.71 194.28 zOt'.()1
-5.14 100.00 242.58
THERMOCOUPLE TEMPERATURES
10.849 11.937 1.937 13.860 14.7 7	 15.545 16.327 1-1.075




DATA ON TI A110AT	 7
-------------------------------
AUG 67 215 PM
696910 7.0000 -0.00 65?.7 25.0	 -0.0 1.0
;01.59 119.24 135.91 151.56 166.00	 180.03 193.56 206. 15
-5.10 100.00 242.58
THERMOCOUPLE TEMPERATURES
10.857 11.918 12.910 13.828 14.689	 15.505 16.285 17.030






DATA ON TI A110AT	 7
-----------------------------
AUG 67 422 PM
1 10011 11.2480 -0.00 652.9 25.3	 -0.0 1.0
197.23 228.91 258.31 285.63 310.95	 335.23 558.55 380. 56
-15.90 100.00 242.50
THERMOCOUPLE TEMPERATURES
16.494 18.345 20.048 21.628 23.116	 24.531 25.890 27.200








Table 3 (Cont. )
THERMAL CONDUk T IVITY DATA ON TI A110AT T AUK, 67 640 PM
115%71 11.5640	 -0.00 652.7 25.5	 -0.0 1.0












THERMAL CONDUCTIVITY DATA ON TI A110AT	 7
------	 -----
AUK, 67 745 PM
--
199253 2.0000	 -0.00 651.8 25.0	 -0.0 1.0
14.32 16.97
	
19.84 22.67 25.06	 27.75 30.39 32.r 0
-0.40 100.00	 242.84
THERMOCOUPLE TEMPERATCES
5.069 5.283	 5.491 5.688 5.878	 6.062 6.239 f,.411
HEATER POWE k REFERENCE TEMPERATURE	 SPEC IMEN RESISTANCE
3.9851-004 4.051 2.4284-003
THERMAL CONDUCTIVITY DATA ON TI A110AT	 7 AVG 67 1045 PM
3 7477- 3.7634	 -0.00 603.7 25.0	 --0.0 1.0
39.73 47.31	 54.77 61.90 68.36	 74.84 81.17 80.89
-1.33 100.00	 242.74
THERMOCOUPLE TEMPERATURES
6.816 7.343	 7.835 8.293 8.723
	
9.131 9.521 9.892




THERMAL COND'.rCTIVITY DATA ON TI A110AT AI IG 67 900 PM
861347 8.6500	 111.11 606.1 25.5	 1.0 2.0
66.34 80.47	 94.52 108.6. 121.27	 134.20 147.01 159. 19
-10.26 t00.G0	 242.53
THERMOCOUPLE TEMPERATURES
23.733 .4.571	 25.391 26.189 26.969	 27.724 28.478 29.212






Table 3 (Cont. )
T HERMAL. CONDUCTIVITY DATA ON TI A110AT 2 AUK 67 1015 PM
865350 8.6700 111.11 606.1 25.5	 1.0 2.n
66.45 80.58 94.63 108.26 121.32	 154.27 147.07 159.25
-10.26 100.00 242.53
'+IERM000UPLE TEMPERATURES
25.770 24.609 25.429 26.224 27.004	 27.764 28.513 29.2-17




DATA ON TI AliOAT	 3 AVG 67 230 PM
12 1484 12.1700 113.57 651.3 24.0	 1.0 [.0
195.03 215.63 257.97 259.61 280.47	 301.08 321.49 1.11.2 0
-:-2.4 -1 100.00 24-1.96
THERMOCOUPLE TEMPERATURES
31.404 32.763 34.094 55.383 36.645	 37.879 39.097 40. 2.94 






DATA ON TI A110AT	 s AVG 67 507 PM
2090693 20.9600 114.81 653.2 23.0	 1.0 2.0
296.90 355.94 412.82 467.47 520.15	 571.77 622.54 672. 2 0
-70.09 100.00 244.3E
T HERMOCOUPLE TEMPERATURES
37.716 41.272 44.676 47.911 51.030	 54.048 56.969 59.867




THERMAL CONDUCTIVITY DATA ON TI A110AT	 4 AVG 67 1150 AM
2912700 29.1500 117.08 651.8 22.7	 1.0 2.0
422.44 525.83 625.50 721.70 810.94	 906.51 997.06 108().26
-138.80 100.00 246.84
T HERMOCOUPLE TEMPERATURES
45.386 51.510 57.312 62.825 68.109	 73.218 78.203 83.076 






























A110AT 4 AUG 67 810 PM
	
651.5	 23.0	 1.0	 2.0
	
171.99	 194.14	 215.75	 236.97
	
30.105	 31.431	 32.716	 33.976






THERMAL COWOCTIVITY DATA ON TI
	
366 3255








HEATER POWER REFERENCE TEMPER
	
1.3396 -001 	 20.397
-------------------------------

















THERMAL CONDUCTIVITY DATA ON TI A110AT 25 JULY 67 106 PM
998867 10.00G0	 4589.11 602.7 24.5	 1.0 3.0
28.50 39.00	 49.55 60.05 70.52	 80.97 91.38 101.85
-16.56 100.00	 249.39
THERMOCOUPLE TEMPERATURES
77.016 77.593	 78.171 78.745 79.318	 79.887 80.458 81.026




THERMAL CONDUCTIV I TY DATA ON TI A110AT 25 JULY 67900 PM
1405902 14.:-700	 4556.18 579.1 24.0	 1.0 3.0
52.58 73.33	 94.13 '14.80 135.40	 155.91 176.35 196.81
-32.44 100.00	 249.98
THERMOCOUPLE TEMPERATE+RES
78.039 79.176	 80.512 81.436 82.556	 83.666 84.773 85.875








Table 3 (Cont. )
THERMAL CONDUC'IVITY DATA ON TI Al10AT 26 JULY 67 137 PM
1979530 19.7950 4551.73 578.6 24.0	 1.0 3.0
10.73 143.52 184.31 224.75 264.96	 504.94 344.87	 384. 71
-64.58 100.00 251.29
THERMOCOUPLE TEMPERATURES
90.830 83.047 85.252 87,427 89.581	 91.711 93.833	 95.937 






THERMAL CONDUCTIVITY DATA ON 11 A110AT 27 JULY 67 250 PM
2786202 27.8200 4572.94 579.1 24.5	 1.0 3.0
202.58 282.09 361.26 439.50 51 T, 07	 593.90 670.41	 74f,.	 i`)
- 18.40 100.00 253.84
THERMOCOUPLE TEMPERATURES
86.336 90.595 94.799 98.916 102.969	 106.952 110.894	 1
	 1-1. 771)




THERMAL CONDUCTIVITY DATA ON T1
----------------------------------------------------------------
A110AT 28 JULY 67 1000 AM
3003875 29.9500 4611.05 579.4 23.0	 1.0 3.0
504.93 594.26 683.18 770.95 857.82	 944.08 1030.20	 111	 ."#0
-150.17 100.00 257.47
THERMOCOUPLE TEMPERATURES
102.665 107.298 111.872 116.352 120.757	 125.101 129.415	 133.6 79




THERMAL CONDUCTIVITY DATA ON TI A110AT 28 JULY 67 620 PM
3062771 30.5000 4748.10 651.9 25.5	 1.0 3.0
806.41 896.59 986.43 1074.87 1162.22	 1249.16 1336.15	 142 2.91
-157.32 100.00 260.82
THERMOCOUPLE TEMPERATURES
119.30 --1 123.81J5 128.360 132.757 157.095	 141.378 145.645	 149.874






Tahlc 3 (Cont. )
THERMAL CONDUCTIVITY DATA ON TI A110AT 29 JULY 67 630 PM
I
052975 20.5400 3510.06 140.0 24.5	 1.0
120.75 165.75 210.64 255.09 299.19	 343.01
-69.46 100.00 249.74
THERMOCOUPLE TEMPERATURES
72.305 74.799 77.273 79.706 82.108	 84.480
HEATER POWER REFERENCE TEMPERATL%	 SPECIMEN RESISTANCE
4.2140-002 65.542 2.4974-^03
THERMAL CONDUCTIVITY DATA ON TI A110AT	 30 JULY 67 110 PM
2052969 20.5400 3509.37 141.0 23.6	 1.0
118.84 165.76 208.61 253.03 297.10	 340.88
-69.36 100.00 249.71
THERMOCOUPLE TEMPERATURES
72.194 74.684 77.156 79.588 81.969	 84..%,0




THERMAL CONDUCTIVITY DATA ON Tl A110AT	 31 JULY 67 1010 AM
2052"^` 20.5400 3509.64 140.3 23.9	 1.0
12. 166.72 211.63 256.09 300.16	 343.94
-69.44 100.00 249.74
THERMOCOUPLE TEMPERATURES
72.358 74.851 77.325 79.758 82.159	 84.529















	 411 . 1 3
86.884	 81).215
THERMAL CONDUCTIVITY DATA ON TI A110Ai 1 AVG 67 330 PM
	
997595	 9.9930	 3389.83	 116.9	 25.6	 1.0
	







66.109	 66. 721	 67.336	 67.945	 68.552	 69.156











Table 3 (Cont. )
THERMAL CONDUCTIVITY DATA ON TI Al10AT 19 SEPT 67 900 PM
1 081870 0.6500	 1716.00	 630.4 24.0	 1.0
138.6 173.66	 208.52
	 242.86 277.10	 311.26





HEATER POWER REFERENCE TEMPERATURE SPECIMEN RESISTANCE
1.1787-002 192.302 2.7434-103
---------------------------------------------------------
THERMAL CONDUCTIVITY DATA ON TI A110AT 20 SEPT 67 1100 AM
4.0
345.94	 381 . 01
208.373	 209.993
2O8188G 20.6500 17232.20 633.6 23.0	 1.0 4,0
123.68 158.82 193.74 228.15 262.45	 296.68 331.42 366. 5 6
-72.98 100.00 274.34
THERMOCOUPLE TEMPERATURES
198.740 200.373 201.994 203.590 205.179	 206.763 208.368 2 09. 991








DATA ON TI A110AT	 21
------------------------------
SEPT 67 900 AM
3646840 36.1000 17245.50 630.8 23.0	 1.0 4.0
248.69 354.10 457.88 559.56 660.14	 760.02 861.07 9F, 3, 02
-222.99 100.00 277.44
THERMOCOUPLE TEMPERATURES
204.668 209.542 214.324 218.995 223.603	 228.166 232.772 237.408 

















HEATER POWER REFERENCE TEMPER
9.6132-002	 273.033
-------------------------------























iThe data listed in tables 3 thru 14 are,	 in part, card images of experi-
mental data as read into the computer for data processing. These data
are not labelled clearly. The following is a line by line explanation of
tables 4, 6, 8, 10, 12, and 14.
1 st line -	 Data identification
Lnd line -	 Platinum resistance therr> imieter voltage (ILV), cryogenic
bath pressure (mm of lip;), room temperature (c), plati-
num resistance thermometer current (mA), code indi-
cating type of cryogenic bath ( 1	 liquid helium, Z
liquid hydrogen, 3	 liquid nitrogen, 4	 dry ice-alcohol,
5 ice-water), specimen current (mA), specimen volt-
age (µV), mean emf of eight thermocouples (4V)
.ird line -
	




	 Isutherinal electrical resistivity data for Ti Al 10-AT

















ISOTHERMAL RESISTIVITY DATA FOR TI A110-AT 5 AVG 67 517 PM
-0.00
	
663.50	 24.80	 -0.00	 1.00	 100.00	 242.88
























ISOTHERMAL RESISTIVITY DATA FOR TI A110-AT 24 JI)LY 67 530 PM
	
4620.40	 629.20	 25.00	 1.00	 3.00	 100.00	 248.76

















ISOTHERMAL RESISTIVITY DATA FOR TI A110-A1 27 SEPT 67 840 AM
	












I able 5	 1 ranspo^rt property data for M. 7039
YHERMAL CONDUiTIVITY DATA ON AL 7039 19 OCT 67 110 PM
659151 6.7800	 -0.04 652.8 23.0	 -0,0 1.G
59.87 72.80	 85.26 97.04 10T.92
	
118.48 128.58 1 37. 9 3
200.00	 57.91
T HERMOULIPLE TEMPERATURES
8.221 9.063	 9.843 10.563 11.44 C.	 11.873 12.469 1 3.031)
HEATER POWER REFERENCE TEM°ERAT.'RE SPECIMEN RESISTANCE
4.4690-003 4.052 2.8955-004
THERMAL CONDUCTIVITY DATA ON AL
----------------------------------------------------------------
7039 19 OCT 67 434 PM
8 4 7 7 0 2 8.7200	 -0.00 654.9 24,0	 -0.0 1.0
101.61 118.85	 135.35 150.88 165.28	 179.11 192,31 204.60
-2.39 200.00	 57,93
THERMOCOUPLE TEMPEkA%iRES
10.839 11.895	 12.877 13.788 14.647	 15.451 16,;'1:' 16.940




THERMAL CONDt iCT 1 VITY DATA ON AL 7439 19 OCT 67 630 PM
14301;8 14.7080	 -0.00 652.7 24.0	 -4.0 1.'r
20...27 235,10	 265.53 293,55 314.58	 343.65 3F,6.59 3^iH, 0')
200.04	 58.08
THERMOCOUPLE TEMPERATURES
16.787 18.704	 20.467 24.088 23.608	 25, 024 27, 64,:





THERMAL CONDUCTIVITY DATA ON AL 7039 19 OCT 67 730 PM
491816 3.0000	 -0.00	 652.7 44.0	 -4.0 1.0
16.26 19.74	 23,40
	 27,01 30.21	 53,59 Sc.9A.	 39.83
-0.22 200.00	 57.90
THERMOCOUPLE TEMPEkATURES
5.216 5.488	 5.751	 6.000 6.443	 6.474 ,.695	 6.910
HEATER POWER REFERENCE TEMPERATtrRE SPECIMEN RESISTANCE
8.7545-004 4.052 2.8950-004
100
iI able 5 (font.
THERMAL CONDUt T I V I TY [B ATA ON AL 71039 20 OCT 67 1200 NOON
4 3655 4.4500 110.59 652.4 23.0	 1.0 2.0
54,48 37.21 39.75 42.33 44.58	 47,02 49.53 51.69
•-0.90 200.00 58.06
THERMOCOUPLE TEMPERATURES
1.876 22.017 22.162 22.306 22.448	 22.588 22.726 22.865
HEATER POWER REFERENCE TEMPERATURE SPECIMEN RESISTANCE
1.952-003 19.867 2.9030-004
THERMAL CONDUCTIVITY DATA ON AL 7039 20 OCT 67 215 PM
1227660 12.6240 110.63 652.6 24.0	 1.0 2.0
77,92 94.96 111.85 128.14 143.69	 158.80 - 173.53 187. 51
-7.60 200.00 58.26
THERMOCOUPLE TEMPERATURES
4.415 25.425 26.414 27,368 28.97	 29.189 30.054 30.898 
HEATER POWER REFERENCE TEMPEkATVPE SPECIMEN RESISTANCE
1.5498-002 19.900 2.9130-004
THERMAL CONDUCTIVITY DA'A ON AL 7039 20 OC T 67 400 PM
2585045	 26.5500 11:'.99 652.8 21.0	 1.0 2.0
210.08 265.90 318.53 367,82 414,54	 459.23 502.5.'. 544. 15
-35.54 200.00 59.76
THERMOCOUPLE TEMPERATURES
32.388 35.738 38.892 41.845 44.649	 47.303 49,854 )2.	 11	 S
HEATER POWER REFERENCE TEMPERATtrkE SPECIMEN RESISTANCE
6.8630-002 20.057 2.9880-004 
THERMAL CONDUCTIVITY DATA ON AL 7039 20 OCT 67 535 PM
3413800 35.0120 116.55 652.8 24.0	 1.0 2.0
436.70 510.87 582.89 652.19 719.19	 784.54 848.46 911.13
-58.61 200.00 63.24
THERMOCOUPLE TEMPERATURES
46.176 50.574 54.784 58.790 62.638	 66.340 69.924 -13.425 







T HERMAL C-^NptsC T I V I T Y DATA ON AL









7039 11 OCT 67 75OPM
	















THERMAL CONDUCTIVITY DATA ON AL 7039 12 OCT 67 104GAM
	
4754550











95.045	 100.817	 106.538	 112.102
	
117.581	 122.921	 128.107	 133. 338








58.6352	 4667.00	 60d.8	 25.0	 1.0	 3.0
	





119.177	 126.793	 134.342	 141.643	 148.815	 155.746	 162.642	 169.4 01




THERMAL CONDUCTIVITY DATA ON AL 7039 12 OCT 67 850PM
	
5755500	 58.6493	 4668.40	 603.0	 23.0	 1.0	 !'G
	






119.111	 126.786	 134.332	 141.636	 148.806	 155.796	 162, .64a	 169.414






ITablu 5 (Cont. )
THERMAL CONDUCTIVITY DATA ON AL 7039 13 OCT 67 905 AM













	 166.395	 175.367	 '84.175
	 192.759	 201.199





2 69 1 . 70
209.546
THERMAL CONDUCTIVITY DATA ON AL 7039 13 OCT 67 930 PM
	
























THERMAL CONDUCTIVITY DATA ON AL 7039 23 OCT 67 625 PM
	
1944870
	 30.0000	 17180.20	 624.5	 24.4	 1.0
	





197.393	 198.987	 200.585	 202.162	 203.738	 205.302
HEATER POWEk REFERENCE TEMPERATURE ryECIMEN RESISTANCE
	
8.7219-002










THERMAL CONDUCTIVITY DATA ON AL 7039 24
4429620 45.0000 17174.00 651.6
206.10 282.00 357.83 432.70
-61.62 200.00 123.46
THERMOCOUPLE TEMPERATURES
202.014 205.531 209.036 212.489
HEATER POWER REFERENCE TEMPERATURE
1.9582-001 192.417











222.726	 226.  1 17
103
Ifable 5 (Cont. )
THERMAL CONDUCTIVITY DATA ON AL 7039 25 OCT 67 120 PM
39521 80 40.0000 25429.00 625.4 22.0	 1.0 5.0
160.47 211.74 263.11 313.96 364.79	 415.27 466.27 517.	 it)
--46.23 100.00 76.75
T HERMOCOUPLE TEMPERATURES
279.907 282.196 284.490 286.760 289.030	 291.283 293.560 295.841 




DATA ON AL 7039 27 OCT 67 215 PM
3953410 40.0000 25482.60 626.4 22.0	 1.0 5.0
157.03 211.1,3 266.30 321.00 375.7	 429.x4 484.25 53F. 77
-49.61 200.00 153.73
THERMOCOUPLE TEMPERATURES
280.280 282.704 285.159 287.601 290.044	 292.460 294.889 297 .  3Z 4



























DATA FOR AL-7039 110CT67 230PM
24.00	 1.00	 3.00	 100.00	 33.83	 0.00




DATA FOR AL-7039 190CT67 1245PM






DATA FOR AL-7039 2000T67 1055AM








	 Transport property data fc ► r Inconel 718
THERMAL ^ONDUC T IVI T V DATA ON INCONEL 716 2 7 DEC 67 645 PM
1157455 11.6400	 -0.00 642.7 23.0	 -0.0 1.0





20.284 1.640 22.919	 :4.154 25.292 26. 411 
Hf ATER POWER REFERENCE TEMPERATURE	 SPEC IMEN RESISTANCE
1.54 '5-002 4.057 1.9182-005
T HERMAL CONDUCTIVITY DATA ON INCONEL 718 27 DEC 67 850 PM
754087 7.5850	 -0.00 642.4 25.0	 -0.0 1.0
118.89 155.96	 151.98 166.04 180.69	 194.04 206.75 218.  61
0.53 100.00	 192.00
THERMOCOUPLE TEMPERATAES
1 1 .872 1 ? . 904	 15.848 14.719 15.556	 16.309 17.040 17. 742
HEATER POWER REFERENCE TEMPERATURE	 SPECIMEN RESISTANCF
5.7197-005 4.056 1.9200-005
THERMAL CONDUCTIVITY DATA ON INCONEL 718 27 DEC 67 1045 PM
519358 3.2110	 -0.00 642.4 25.0	 --0.0 1.0
34.8-' 40.51	 46.10 51.48 56.26	 61.17 65.95 70. 10
0.2'j 100.00	 192.36
THEkM-!000FLE TEMPERATURES
6.551 6.956	 7.511 7.661 7,991	 8.306 8.604 8.880,




T HERMAJ. CONDUCTIVI T Y DATA ON INCONEL 718 27 DEC 67 1110 PM
319140 5.2090	 -0.00 642.5 25.0	 -0.0 1.0
54.87 40.58	 46.19 51.59 56.58	 61.31 66.07 70. 31
0.25 100.00	 192. 36
THERMOCOVPLE TEMPERATURES
6.555 5.941	 7.317 7.669 7.999	 8.515 8.613 8.899







Table 7 (Cont. )
T HERMAL COWUCTIVITV DATA ON INCONEL T18 2 7 DEC 67 1136 PM
518602 5.2056	 --0.00 642.4 23.0	 -0.0 1.0
34.96 40. 70	 46.33 51.75 SG.57	 61.51 66.28 70. 53
0.25 100.00	 192.36
T HERMOCOUPLE TEMPERATURES
6. 1540 6.949	 7.326 7.679 8.011	 8.327 8.626 8.912









2 7 DEC 67 1210 PM
--
317448 3.1920	 -0.00 644.0 23.0	 -0.0 1.0
35.20 40.93	 46.56 51.98 %.80	 61.73 66.49 70. 75
0.25 100.00	 192.36
THERMOCOUPLE TEMPERATURES
6.560 6.967	 7.344 7.696 8.028	 8.344 8.641 8.92()




THERMAL CONDUC T IVITY DATA ON
-------------------------------------------------------------
1NCONEL 718 27 DEC 67 1230 PM
315757 3.1750
	 -0.00 644 0 23.0	 -0.0 1.0
35.70 41.40	 47.00
 52.39 57.18	 62.09 .82 71.07
0.25 100.00	 192.36
THERMOCOUIPLE TEMPERATURES
6.594 6.999	 7.373 7.723 8.053	 8.367 8.663 8.949




THERMAL CONDUCTIVITI DATA ON IW ONEL 718 L8 DEC 67 535 PM
762664 7.6700
	 110.78 655.0 22.0	 1.0 -,.0
52.14 61.15	 70.26 79.16 87.59	 96.09 104.52 112.47
-0.35 100.00	 191.77
THERMOCOUPLE TEMPERATURES
'2.886 23.423	 23.952 24.467 24.972	 25.07 25.955 20.435





Table 7 (Cont. )
'HERMAL .-'NDIK T IVI T Y DATA ON INCONEL 718 28 DEC 67 805 PM
1 75368.'	 17.6200	 112.41	 655.0	 22.0	 1.0	 2.0
-4	 a4	 247.07	 280.6	 311.98	 342,27	 371.90	 400.96	 429.. 07
3.4*	 100.00	 191181
'4ER"000L4>LE TEMPERATURES
32.496	 34.547	 56.532	 38.430	 40.260	 42.040	 43.764	 45.454










651.7	 22.0	 1.0	 2.0




	 27.225	 28.300	 29.335	 50.541	 31 .321	 32.280	 13. 2 P)




THERMAL CONDUC T IVITI DATA ON 1NCONEL 718 29 DEC 67 320 PM
2708380	 7,1700	 114.82
	
656.5	 22.0	 1.0	 2.0
393.0 7	458.92
	
522.85	 584.21	 643.33	 701.44	 758.5v	 814.  5 3
41.81	 100.00	 192.24
T HERMOCOUPLE TEMPERATURES
43.483	 47.415	 51J84	 54.765	 ` 8.201	 0.555	 64.773	 67.947





THERMAL CONDVCTIVITY DATA ON INCONEL 718 22 DEC 67 1145 AM
199*1-155	 19.9430	 4414.47	 474.6	 22.0	 1.0	 3.0
258.27
	
















ITable 7 (Cont. )
THERMAL COWUCTIVITV DATA ON 1NCOMEL 718 22 DEC 67 545 PM
3503082
	
54.9750	 4700.64	 652.5	 23.0	 1.0	 5.0
424.99
	
508.05	 591.84	 674.28	 756.29	 837.79	 918.99
	
1000.  1 5
0.1-	 100.00	 195.09
THERMOCOUPLE TEMPERATURES
99.263	 103.596	 107.937	 11..173	 116.559	 120.491	 124.586	 128.  052
HE ATER POWER	 REFERENCE 1EMPERATC4E	 SPEC IMEN RESISTANCE
1.2252-001	 76.467	 1.9509-003
----------------------------------------------------------------
THERMAL CJMOUCTIVITY DATA ON INCONEL 718 23 DEC 67 12 4.5 PM
6027530	 59.8000	 4750.95	 646.2
	
23.0	 1.0	 3,0
1067.98	 1297.93	 1528.55	 1753.93	 1976.71	 196.45	 2414.15	 26 i0,	 if,
14.6	 100.00	 198.22
T 4ER"000VPLE TEMPERATURES
132.448	 143.797	 155.023	 165.858	 176.456	 186.811	 196.90-0	 207.020
4ATEk POWER




T HERMAL CONDUCTIVITY DATA ON INCONEL 718 24 DEC V 400 PM
--------------------------------------------------------------..
2065525	 20. 7000	 5267.11	 9?.7	 22.0	 1.0	 3.0
137.10	 168.52
	
200.21	 231.44	 262.48	 295.36	 324,13	 35-1.57
-2J4;	 100.00	 193.07
T HERMOCOUPLE TEMPERATURES










THERMAL CONDIK T IVITY DATA ON IM - OWL 716 3 JAN 68 730 PM
3186880	 31.6000	 17178.00	 626.6	 4.	 1.0	 4.0
283.72	 341.04	 399.49	 457.16	 514.91	 572.40	 630.17	 688.07
5.56	 100.00	 200.54
THERMOCOUPLE TEMPERATURES
205.648	 208.299	 210.996	 213.653	 216.509	 118.949	 221.597	 224.247




rTable 7 (Cont. )
THERMAL CkVLKTIVI T T DATA ON INCOWL 718
	
6546150	 62.6000 17245.00	 626.0
	







225.078	 255.057	 245.056	 254.802







































DATA ;OR INCONEL 718 27 DEC 67 140PM




1.9266-005 4 .05 3
DATA FOR INCONEL 718 28 DEC 6) 400PM
22.50	 1.00	 2.00	 100.00	 191.86	 0. 00
SPECIMEN RESISTANCE	 SPECIMEN TEMPERATURE
	
1.9186-005	 2 o. 1 ^ n
-------------------------------------- -
DATA FOR INCONEL 718 21 DEC 67 745PM





1.9502-005	 7 3. 683
----------------------------------------
'Fa 1iIt! 9	 'Transport property data for 1-lastelluy X
T HE kMA:	 : N^ ;'^ T 1 V 1 T l	 ► A T A F OW( HA:'TELL0	 X 6-	
JAN oW 245 I'M
"	 '"
r	 5,4^JG 8^ "1 ^^^''	 ^:,0
I	 11 1 1 . ^1	 >^. 44Via, u0
5~100.00
T HE RMOCOL IPLF	 T EMPERA T tIREa
.451 	
a, ad , t 0
	
a7:110.4a^	 .. 1 1 . a^1	 1 1 . 875
x .26 5 	 8.8 4	
_
kEFERE'1 E T F Mf'E RATUkE	 ='f3 E
C 1MfN RESISTANCE
HE ATFk P ` WFli
4,051 1.^^37- GG'^
GG ^ -- - ----	 --- -	
--- -
-------------
^^EkMAL - - -)NV`jC T 111 j TV ^ V AT A FOR HASTELLO"	 X
--









THERMOCOVfILE TEMPE:kATVkF'-' c,	 .- tFi,^^i,
	
1:,.d: • 1'.:,14	 1 fi.	 381.1aT:'G4	 -1:'.1 ►, a 	 i^ .^ta
H E




SPEC 14'N kE:;j 	TANCE.
1. X318- 0011
. ' '
` Tr	 (B ATA	 ^`k HA: TFLL^`vIHEkMAI. CONPV	 1V1
X^^ , ^ ` I AN :.h 500	 ^M
^.',;,^.,^ 1.:
1:' ►?^N;,c,	 00	 .''r 65.•^ ►0	 ^4'^•4. ^F,^;, :'^ 	 3Hf,, 00
4
	
100.00	 1 a^, 1
'NE kM^^^^^VPI E	 TFMPFRA T AU'_7 IOd ^.^ a 1 	^^;,'r10 :'^^.: "14	 L7. 71.01 7.645	 1 a. 500	 -0. ar^1	 :.:.
POW'(kFrEkC 	 E	 TEMPIkA T :^kF	 F^1 MFN
 kE91 T ANC E:
► IEATEk
4.05 1,x313-003
T NF.RMAL CONDVC TjVITv DATA FOR HAS T ELL^` v X	 :'4 
'^N 068	 114`; J PM 1	 ,





THFkM^`C^^I^PLE	 Ti MPFkAT l,'kE.:' ^, a^^	 R . 202
:,.OVo	 ,^;G	 c.. ^2^	 .05AU
kFrFRENCF TEMPEkA T UkF ^'PECI ME N
 RES1:'TANCF
HE A T Ek POWER
4.057 1	 x355-0G^
112
Table 9 (Cont. )
I I i
r
T HERMAL. .ON(` VC T 1 V I T V D A T A FOR HAS T ELLOY X 25 JAN 68 200 PM
110 )45c ^^.1500 1 1 1.05 651 .8 24. G	 1 . 0
74 . 85.41 ^6 . F, 4 10 7.5 1 118.04 	 1 A . 5;
100.00 193. 14
'r HfRMOCOLIP LE TE MPE kATAES
4.194 X4.85' :'5.51: :'F.150 :C,, 776	 47.390
HE A T Ek POWE R REFERENCE TEMPERATURE =PEC !MEN RESISTANCE
6.3260-003 1 4. 892 1.9314-003
THERMAL Ck`NVUC T I V I T Y DA T A FOR HASTELLOV X 25 JAN 6R 400 PM
1818540	 18.2700 1 1.12 651.8 24.0	 1.0
204.48 :40.43 275.49 309.16 341.50	 3'3.13
-9.63 100.00 193.38
THERMOCOUPLE TEMPEkATURF.S
31. 11'5 34.134 36.230 38.245 40.198	 42.09
HE ATER POWER REt: f RENCE TEMPEkATVkE SPEC IMEN RESISTANCE
3.3225-002 111.x81 1.9338--003
THERMAL CONDUC T IVITY DATA FOR HASTELLOY X 25 JAN 68 600 PM
190 0660	 29.0800 113.94 651.8 2S.G	 1.0
465.0 537.98 610.00 679.110 74'.83	 615.01
.- 22.44 100.00 144.14
THERMOCOVPLI TFMPEkATURES
47.687 51.948 56.193 60.217 04.104	 67.645
HE ATEk POWER REPERf_NCE TEMPERATAF SPECIMEN RESISTANCE
8.4351-002 20.108 1.9414-003
THERMAL CONDUCTIVITY DA T A FOR HASTELL0 X 26 JAN 6E	 1 1 10 AM
63')385 6.3400 110.64 654.3 22.0	 1.v
31.35 37.26 43.31 4x.34 54.97	 OG.76
-0.92 100.00 193.1:'
THERMOCOVvLE TEMPEkATVRES
. 1 1.760 22.11 44.465 .'-.810 43.150	 43.485







2 7 , 9a^,	 LH. 5") 1
4.G
	














ITable 9 (Cont. )
'Hf RMAL %:ONj'l tl T IVITY DA T A FOk HASTELLO V X 26 JAN 68 1G'30 ^'M
134101) 13.41300 111.5: 652.3 22.0	 1.G ::.r
1,'1.94 144,03 165.82 186.82 :06.x4	 2:6.6% 246,12
-4.94 100,00 193.21
T HERMO COUPLE TEMPEkATtIkES
27.142 28.458 29.745 30.481 32.19E	 33.371 34,526
NEA T ER POWER REFERENCE TEMPEkAT ;IkE SPECIMEN RESISTANCE
1.8077-002 20.039 1.4321-003
THERMAL CONVVCTIVITY DATA FOR HAS T ELLOY X 18 JAN 68 120-: NOON
G978:'G 21.0200 3254, '3 92. G 23. G	 1 , 0 '^. v
145.'11 179.48 213.95 248.05 :d1.4'^	 315,67 =413.213
-10.35 100.00 194,78
T HERMOCOVPLE TEMPERATAES
71.321 71.;':1 75.128 77,005 78. ►;63	 80.704 132.535
HEATER POWER REFERENCE TEMPEkA1AF SPECIMEN RESISTANCE
4. 400.6- 00 4'.1 63.145 1.9478-003
THf_kMAL CONO I. IC T I VI TY DATA FOR HASTELLOY X	 1 ^) JAN 68 400 `M
2386145 :'3.8800 41139.58 364.2 23. G	 1 . c. 3.0
6-4- -:' :'66.17 309.56 352.41 '145, OE	 457.48 479. 80
-1.04 100.00 145,41
T HERMOCOUPLE TEMPERAT 'IRES
84 .042 86,359 88.688 40.975 45.::43	 135,486 47,717
HEATER POWER REFERENCE
	






X 20 JAN 68 500 rM
3a4a^;4G '9.8800 4664.08 650.4 23.0	 1.0 3,0
4,?0.63 ;106. 73 723.55 838.56 x52.79	 1065,137 1 178.57
27.40 100.00 196.84
T HE_kMOCOL O PLE TEMPEkATVRES
10.2.59: 108,606 114.545 120.434 126.186	 131. ► 36 137,4
Hi ATER POWEk kEFERENCE Tf MPEkATVkE SPECIMEN RESISTANCE










Tabl v 9 (Cocit. )
r
Nf RMAL CONVLk T 1 V I Tr DATA FOR HASTELLOY
	











14.'. 778	 155.156	 163. 48 7	 173.487
HEATER POWER REFERENCE TE.MPERATLK
3.1056•-001	 77.025





	 2523.05	 2525+. 03
	 2 7 Z5.  46
	
18 3.264	 196-1 . 824	 202.228	 21 1 . 49 5
SPECIMEN RESISTANCE
1.9935-003
THERMAL CONDUCTIVITY DATA FOR HASTELLOY X 22 JAN 68 145 PM
	





	 1709.60	 1919.20	 2126.20	 2350.20	 253; . 20













	 21 1.54 8
HEATER POWEk REFERENCE TEMPERATURE SPECIMEN RESISTANCE
3.1056-001	 76.689	 1.9934 -003
THERMAL CONDUCTIVI T Y DATA FOR HASTELLOY X 31 JAN 68 340 PM
3050850 30.2500 172515.60	 620.5 23.0	 1.0
?29.41 86.68 345.13	 402.91 460.65	 518.08
-9.94 100.00 200.90
THERMOCOUPLE TEMPERATURES
203.871 06.522 '09.:2311.888 14.547	 :17.187
HEATER POWER REFERENCE TEMPERA T URE SPECIMEN RE.S!STANCE
9.2288-002 193.00 :.0090-003
4.0
575.84	 63 3. 7.1
219.837	 221.490
THERMAL CONDUCTIVI T Y DATA FN HASTELLOY
6294400 62.0000	 17401.80 624.4
1188.56 1410.88	 1636.09 1856.35
-33.48 100.00	 03.84
THERMOCOUPLE TEMPERATURES
49.080 5 9. 10 2)
	
269.216 279.084
HEATER POWER REFERENCE 'EMPERATURE
3.9024-001 194.602




2473.31	 a.&-	 Z709.:'499.03	 L 709, 88
	
288.770	 98.287	 307.777	 317. 191
S-PE C 1 MEN RES I STANCE
.0384-003
115
rT at) Iv IU	 im(Ahermal electrical resistivity data for Ilastell()y X

















DATA FOR HASTELLOY X 17 JAN 68 9&OPM
23.00	 1.00	 3.00	 100.00	 194.68	 0.00




DATA FOR HASTELLO V X 23 JAN 68 1:OPM
23. GO	 -0.00	 1.00	 100.00	 19'1, d:	 0.00




DA T A f' O& HASTELLOV X 25 JAN 68 1;'.50PM
24.00	 1.00	 2.00	 100.00	 193.13	 0.00
SPECIMEN RESISTANCE
	
SPi -^ IMEN TEMPEkATt%
	
1 , 9313-003	 20. 146
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Table I 1	 Tramp()rt property data for Be








). G	 1. G
1	 45.76 1781.45	 1(-)89.70
,'S;,OF,	 :'00.00 53,49
E NE kM^`i^`l^PLE	 TEMPE k aTt^E:
1 50 .081 148.39	 157.419 , 101,•809	 17f,• 7014
► iATEk F^^WE.k	 kEFEk[NCE TE.MP[kATAj	 :FED!IfN RESISTANCE
1 0 A01 +000 76.504 .'.0'45-004
T HE kMAL CONN IC T IVI TY DA T A FOR Nf	 MAR F,8 4^OPM
1:805000	 1:'9.9400












T HE kMOCOt►FLE	 TEMPEkATt ►kf.S
134. 9942	 149.491	 164.5:0 1 ^.. 89:) 1 x6. .06	 .1;.. 487 a 945	 1414. 806. ^.. .
HEATEk POWf L	 kE F E RE NC E TEMPE kA T . lRE SPEC IMEN RESISTANCE
1.66591000 76. 6.45 3.9740-004
THERMAL ~ COND I.I(TIVI T Y DA T A FOR BE .:.:	 MAk 68	 1-^30FM







22. G	 1 .
2381 .44	 . '36.10
3.0
' 113.a6	 35,15, 81
00.00 79.12
THE E RMJCa lPLE TEMPEkAT111RES
1 34,907
	 149.41 164.1.0 179.4:'S 145.41 GS::	 247. 750
HEATEk POWER	 kEFERENCE TEMPEkATAk.	 SEC IWN kESI:'TANCE
1 . F,F,39•000 76.720 .5. 9560 -004








67,5	 75. 44 n4.r^^,	 `13.51
14.94	 :100.00 55.4:'
THEkMOC.lVPLE	 TEMPERATVkf_S
65.559	 66.061 60.55' ► ^J 7.05:	 67.54u 68. G: '	 f,14. 5,1 7
HEATER POWER	 REFEkENCE TEMPLkA TIAE SPECIMEN RESISTANCE
i 25;' 1.7710-004
117
Table I 1 (Cont. )
THERMAL CONDUCTIVITY DA T A FOR BE 413 MAR 68 630 PM
	
50 7490	 31.5000	 3274.12	 94.4	 22.4	 1.0	 3.0
	












9.666 -002	 ;13.326	 1.7900-004
THERMAL CONDUCTIVITY DATA FOR BE 23 MAR 68 1115 PM
4034410 41.4000	 3256.20	 94.4 23.0	 1.0 3.G
199.86 233.72	 267.76	 301 . ^,3 334.06	 366.37 3_)8.44	 431.41
-58.54 200.00	 36.50
THERMOCOUPLE TEMPERATURES
74.361 76.23-	 78.102	 79.920 81.720	 83.47 85.207	 80.980
HEATER POWER REFERENCE TEMPERATURE 	 SPECIMEN RESISTANCE
1.670-)-001 63.159 1.6250-004
THERMAL CONDl1CT1VITY DA T A FOR PE 24 MAk 68 450PM
	
2923615	 30.0000	 4644.13	 629.8	 22.0	 1.0	 3.0




	8^ .916	 83.820	 84.737	 85.63E	 86.537	 87.4213	 88.307	 89 .220
	




THERMAL CONDUCTIVI T Y DATA FOR BE 215 MAR 68 120 PM
	
4 731310	 48.5000	 4674.96	 649.0	 23.0	 1.0	 3.0






	85.526	 8-1.830	 90.132	 92.3 7 8	 x4.614	 96.797	 98.91 7	 1 01 . 195
	
HEATER POWER	 REFERENCE TEMPERATCrRE	 SPECIMEN RESISTANCE




 11 (Cunt. )
THERMAL CONDUCTIVITY DATA FOk BE 25 MAR 68 515 PM
5655 760 57.9000 4710.31 652.0 23.0	 1.0 3.0
43;.8F, 490.30 548.60 606, 00 663.50	 '20. x9 777,60
.^^ 200.0 41.44
T HERMoCCY)PLE- TEMPERATURES
a9. 759 10:' . 758 105.785 108.748 111 .703	 1 1 1 _ % 15 117.56214
HEA T ER POWER REFERENCE TEMPERATAE	 SPECIMEN RESISTANCE
3-1714-1-001 76.555 2 07'0-004
THERMAL CONDUCTIVITY DATA F-A
-------------------------------------•---------------------------
BE 26 MAR 68	 1130 AM
56553± 0 57.9000 4709.30 648.4 24.0
	 1 , 0 3. 0
4 ;.88 490 .31 548.61 605.99 663.48	 720.46 It
-95.20 200.00 41.45
THERMOCOUPLE TEMPERATURES
99, 751 102.750 105.77' 108.739 1 1 1.693	 1 14..;05 11-1.518




THERMAL CONDUCTIVITY DATA FOR
----------------------------------------------------------------
BE	 10 APR 68 550PM
395560 40.0500 17'02.50 630.0 24.0	 1.0 4.0
214.29 247,79 282.12 316.1r 350.62	 335. G5 420.00
-29.25 200.00 90.46
' ,4ERM000UPLE TEMPERATURES
403.236 204.788 206.377 207,952 209.542	 211.130 212.741








THERMAL CONDUCTIVITY DATA FOR BE 11 APR 68 1130 AM
	
986 7945	 99.9400 17309.80	 626.0	 23.0	 1.0
	









236.578	 247,398	 :'58.410	 269.772
	
281.389





Table 1 1 (Cont.)
THEP,MAL : i^N('U^T I'J I TY FOR BE 1 1 APR 68 545 PM
	
7 40681 75.2500 17257.:'0 62:.0	 24.0	 1.0	 4.0
	





211.081	 216.719	 222.527	 228.365	 230.330	 240.354	 246.539





Table IZ	 Is(Aliermal electrical resistivity data for Be
N(, isothermal resistivity data can Be
121
i	 1
Table 1 3	 Transport property data for PO-3 graphite
T HfRMAL C%.`NDhCTIV1 T Y DATA FOR GRAPHITE 20 SEPT 68 Q50 PM
63954 0.a500	 -0.00 653.E 21.0	 1.0 1.0
23.55 29.15	 35.00 40.10 44.40	 48.60 5.,.	 0 56.40
- 3 . 4 2) 10.00	 512.76
T HERM^,1 COL IPLE TEMPERATURES
5.750 6.164	 6.570 6.91 21 9 	 %. 4915 7. 764 H . 01 t,
HEATER POWER REFERENCE TEMPEkATLIRE
	
SPECIMEN RESISTANCE
7.1361- 005 4.053 5.176- 002
THERMAL CONDUCTIVITY DATA FOR AAPHITE 20 SEPT 68 235 PM
150105 1.5200	 -0.00 654.0 21.0	 1.0 1.0
56.74 66.54	 55.64 83.65 90.4 7 	96.9 1'	 03.14 108. 55
-6.68 10.00	 511.08
THERMOCOUPLE TF.MPERATURE:7
8.019 8.666	 9.242 9. 737 10.174	 10.570 10.938 1 1 . 281
HEATER POWER REFERENCE TE MF ERAT, ►RE 	 gPE C IMF N RESISTANCE
.2816-004 4.055 5.1108-002
THERMAL COND" ICT1VITY DATA FOR GRAPHITE 20 SEPT 68 625 PM
315975 3.2000	 -0.00 654.5 21.0	 1. 1.:
105.53 1:'5.95	 142.76 157.00 168.90	 179.66 189.93 198.90
-15.59 10.00	 507.75
THERMOCOUPLE TEMPERATURES
11.080 1.322	 1;.318 14.150 14.861	 1`',.497 16.076 16.61 1
HFATER POWER REFERENCE TEMPERA T URE	 SHFCIMEN RESISTANCE
1.0111-003 4.055 5.0775-006'-,
THERMAL CONDUCTIVITY DATA FOR GRAPHITE 20 SEPT 68 725 PM
691911 7.0060	 -0.00 654.5 21.0	 1.0 1.0
09.51 241.46	 267.20 288.94 307. 1 7	 33.92 339.03 57.77
-32.62 10.00	 500.85
T HERMOCOUPLE TEMPERATURES
17.210 19.075	 ;'0.566 21 .823 2^ . 898	 23.872 ',4. 74e Z5. 567
HEATER POWER REFERENCE TEMPERATURE	 SPECIMEN RESISTANCE
4.8475-003 4.055 5.0085-002
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Table 1 3 ( Cont. )
T HERMAL ONRIC T I': I TY 1`ATA FOR GRAPHITE 23 SEP T n8 415 FM
5174: 5 5.2400 110.70 652.6 21.0	 1.0 2.0
55.65 64.84 73.80 82.30 90.05	 97.75 105.27
--14.18 10.00 498.32
THERMOCOUPL E TEMPERATURES
23.086 23.634 24.155 24.646 25.112	 25.560 25.x94
HEATER POWER REFERENCE TEMPERATURE 	 SPECIMEN RESISTANCE
2.7115-003 19.873 1.9832-002
THERMAL COK)UCTIVITY DATA FOR GRAPHITE_ 24 SEPT 68 1040 AM
849462 8.6000 111.31 652.0 21.0	 1.0 2.0
130.60 146.18 16v.93 174.62 187,13	 199.16 210.78
24.88 10.00 4 9^ • 70
THERMOCOUPLE TEMPERATURES
27.548 28.480 29.350 30.156 30.911	 31.625 52.509
HEATER POWER REFERENCE TEMPERATURE	 SPECIMEN RESISTANCE
7.3054-003 19.957 4.9270-002
THERMAL CONDUCTIVITY DATA FOR GRAPHITE 24 SEPT 68 240 PM
1595080 16.1400 112.41 652.3 21.0	 1.0 2.0
270.51 298.90 325.05 349.10 370.86	 591.40 411.06
--45.59 10.00 481.48
THERMOCOUPLE TEMPERATURES
35.970 37.685 39.252 40.690 42.006	 43.32 44.400
HEATER POKIER REFERENCE TEMPERATURE 	 :7PECIMEN RESISTANCE
2.5745-002 20.026 4.6148-002
THERMAL CONDUCTIVITY DA T A FOR GRAPHITE 24 SEPT 68 510 PM
33;'3790 33.6000 114.14 652.5 21.0	 1.0 :.0
549.50 605.64 053.25 698.60 740.02	 779,10 816.50
-77,88 10.00 459.04
THERMOCOUPLE TEMPERA%IRES
52.70: 55.868 58.75;' 61.328 63.700	 65.911 t"8.011











Table 1 3 (Cont. )
THERMAL CONDUCTIVITY DATA FOR GRAPHITE 16 SEPT 68 1045 PM
:'552050 25.7800	 4604.60 604.5 21.0	 1.0 3.0
175.80 190.46	 ; 05.27 219, 62 233.80	 247.76 261 .63 275. 50
-: G . 76 10.00	 432.68
THERMOCOUPLE TEMPERATURES
85.175 85.966	 86. 162 87.531 88.292	 89.038 49.782 90. 524 
HEATER POWER REFERENCE TEMPERATURE	 SPECIMEN RESISTANCE
6.5792-002 75.59 4.3268-002
THERMAL CONDUCTIVI T Y DATA FOR
---------------------------------------------------------------
GRAPHITE 17 SEPT 68 115 PM
3505735 35. 1 000	 4618.40 602.5 21.0	 1.0 3.4
322.89 347,21
	
371.64 395.18 418.30	 440.x1 463.43 485.90 
-31.56 10.00	 423.41
THERMOCOUPLE TEMPERATURES
93.164 94.453	 45.743 46.982 98. 148	 x9.386 10 0.563 101. 735 
HEAL'R POWER REFERENCE TEMPERATURE	 SPECIMEN RESISTANCE
1.2410-001 75.719 4.2341-002
THERMAL CONDUCTIVITY DATA FOR GRAPHITE 18 SEPT 68 925 AM
	
5448170	 55.0000	 4645.50	 603.5	 A .0	 1.G	 3.0
	
721.74












THERMAL CONDUCTIVI T Y DATA FOR GRAPHITE 18 SEPT 68 745 PM
	




1585.94	 1679.36	 1774.67	 1865.88
	
1954.83	 :041.x5	 212, 8.55	 2214.97
	
-73,10	 10.00	 362.51















'fable 1 3 (cont. )
T HE kMAL . ONPL t - T IV I TY DATA FOR r,RAPHI Tf. 19 SEPT 68 1030 AM
54280 63.1000 4'00.68 617.  G 21 .0	 1.0 `. v
1159.'0 1248. 54 1258.;'7 130r^.d7 1354-1	 1'198.54 1444.1" 1481).98
45.9+, 10.00 382.8F>
Y Hf RMOCOL IP LE TEMPERATI ►RES
13C>.5a4 IvR.ta86 141.443 143.778 146.064	 148.333 15u .52R 15.2.751
HEA T ER POWER REF ERENCE TEMPERATURE SPEC IMEN RESISTANCE
3.x496-001 70.467 3.8:'86-002
THEkMAL CONRICTIVITY DATA FOR GRAPHITE 13 SEPT 68 220 PM
5317470 53.5000 17255.50 626.3 1 . G 4.v
587,97 422.77 448.85 474.00 499.:2	 524.24 549.4:., 574.94
-15.44 10.00 335.11
THERMOCOUPLE TEMPERATURES
71 ' .660 212.802 214.003 215.160 416.314	 :'17.46 7 21 R. X40 219. 79 5
HEATER POWER REFERENCE TEMPEkAT 1.1RE SPECIMEN RESISTANCE
^.844R-O01 193.199 3.5511-004
THERMAL CJNR ICT IVI TY DATA FOR GRAPHI TE 13 SEPT 68 555 PM
	
7559785	 76.0000 17309.00	 626.0	 22.0
	







;'28.581	 230.774	 233.074	 235.293	 437.510	 ^39.7G4	 ;,41 1 7 	 2-44.146
	
HEATER PO WE R 	 REFERENCE TEMPERATURE	 SPEC IMf:N RES ISTANCE
5.7454-001	 193.71	 3.4 X54-004
THE kMAL CJNR I CT IV1 T Y DATA FOR GkA P H1 T E 14 SEPT 68 119r) PM
	
11958854 120.0000 17343.40	 6:4.5 4100000.0	 4.0




	4 71 .683	 276.675	 281 .900	 486.990	 292.046	 4x7,183	 34;x. 34 . ,	 107. 54 7
	




rrable 1 S (Cont. )
' Hf kMAL ^ONV IOC TIVITV DATA FOR ;RAPNI TE 15 SEP T 68 ^50 PM
	
9856140
	 99. 0000 17; 9 1.5 0 	 e^0.4	 21.0	 1.0	 4.^
	
11 36. 5; 	 1215.5	 121 98.54	 1 579.1 1 	 1459.43	 1539.01	 1:,1 44	 1700. 4L
	37.'9	 10. -. a	 31
'f NE RMOCOL IPLE TEMPERAT.IRES
	
95.695	 249.-74	 :153.061	 :'56.651
	
:60.X66	 ')63. 84 	 %7.45	 271.08
NEATER POWER	 kEPEkE'k- E TEMPEkATL* -





V rs^ -r . .
Table 14
	
Isotherr-al electrical re -,istiv ► ty data for PO- 3 graphite
ISOTHERMAL kESISTIVITY DA T A FOR PO-3 GRAPHITE 20 ,`"EPT 68 1O::GAM
-0.00 653.00 :'1 .00	 1.00 1 . 11 ^ 10.00	 513. a0 3. 76
WERENCE TEMPERATURE SPECIMEN RESISTANCE :SPECIMEN TEMPEWVI; F
4.053 5.1590-002, 4. 353
:S%` T HERMAL RESISTIVITY DATA FOR P0-3 f RAPHI TE 20 SEPT 68 155PM
-0.00 653.90 :i .00	 1.00 1.00 10.00	 t,:.i.! 46.9 9
REFERENCE TEMPERA T AE SPECIMEN RESIS T ANCE :'PEC I ME_N TEMPERAT'AE
4.055 5.1261-002 7.456
;;OTHFRMAL REq; ST l "I TY DAT A FOR PO - 3 r,kAPHI TI .1 0 'jTP T 68 9. OPM
--0.00 ;54.00 21 .00	 -0.00 1 .00 10.00	 503.48 24	 . t)t,0
KFERF-NCE 'E MPERATURE SPEC IMEN RESISTANt E SPEC I :1E.N TEMPERATAt'
4.055 5.0348 -006*? 1y. 377
1SOTHFRMAL kE:^ISTIVI T V DATA FOR PO-3 'A APHITE 23 SE PT 68 1:50PM
110. to 6ci.'. 1 u :11 .00	 1.00 2.00 10.'0	 503.07 0, ;LO
REFERENCE TEMPFkA T '. okE SPECIMEN kESISTANCE SPECIMEN TFMPERATAf
:0.237 5.0507-00') 20. 267
ISOTHERMAL RESISTIVITY DA T A FOk PO--3 ,RAPNITE :3 APT 68 15OP1
110.64 652.50 21.00	 1.10 :.GO 10.00	 5.^0.d7 40.750
REFERENCE TEMPEkA% 1 RE SPEC I MF N kEJ 1 J'ANCE SPECI MEN T EMPERA' Af
















DATA FOk P %` - 3 GRAPHI T E 23 SEPT F.8 5', 4,M
21 .00	 1.00	 ..00	 10.00	 M)	 101. 730
SPECIME N RE SISTANCE	 SPECIME N TEMPF_ kAT'.lq
4. P737--002	 20. 296
DA T A FOk F1 0-- 3 GRAPHITE :A SF" 68 1AOPM
21 .00	 1.00	 2. GO	 10.00	 4,J0. a:'	 '2 3. 870




DATA FOk PO -3 f kAPHITE 4 SEP T 68 330PM
21 .00	 1.00	 2.00	 10. 00	 385. 630

















DATA FOR PO-3 GRAPHITE 24 SEPT 68 555PM








DATA FOR PO-3 GRAPHITE 16 SEPT 68 14OPM
21.00







ISOTHERMAL RESISTIVITY DATA FOR P0-3 GRAPHITE 17 SEPT 68 100F+AM
	
4617.98	 604.00	 21.00	 1.^0	 3.OG	 10.00	 a34.60
	 187. 680







ISOTHERMAL RESISTIVITY DATA FOR PO-3 GRAPHITE 17 SEPT 68 618PM
	
4652.38	 602.40	 21.00	 1.00	 3.00	 10.00	 422.38	 421.550
REFERENCE TEMPERA T ti4E	 SPECIMEN RESISTANCE	 SPECIMEN TEMPERATURE
	
76.028	 4.2238-002	 9K, 670
------ --------------------------------------------------------
ISOTHERMAL RESISTIVITY DATA FOR P0-3 GRAPHITE 18 SEPT 68 224PM
4681.75	 602.50	 22.00	 1.00	 3.00	 10.00	 404.96	 79 3. 1) 1 0
R«ERENCE TEMPERATURE
	
SPECIMEN RESISTANCE	 SPECIMEN TEMPLRATLL
76.295	 4.0486-002
	
1 18. 1 02
ISOTHERMAL RESISTIVITY DATA FOR PO-3 GRAPHITE 19 SEPT 68 235PM
4831.80	 652.30	 21.00	 1.00	 3.0C	 10.00	 350.22	 2267.580








ISOTHERMAL RESISTIVITY DATA f'OR PO-3 GRAPHITE	 12 SEPT 68 545FM
17 21 121 2 . 4 0 	 6:17.50	 22.00	 1.00	 4.00	 10.00	 344.40	 1 r,0. 900
REFERENCE TEMPERATURE
	
SPECIMEN RESISTANCE	 SPECIMEN TEMPERATI_1RE
192.881	 3.4440 -002	 200. 3-16
---------------------------------------------------------------
ISOTHERMAL RESISTIVITY DATA FOR FO-3 GRAPHITE 14 SEPT 68 515PM
17362.20	 622.00	 22.00	 1.00	 4.00	 10.00	 323.77	 906.760



































'1'ahle I ► -	 Paranicters in C(lUatimis 22, 23, and 1-4 for A t. 7039






















































1 .-?74 776492 -0v2
70496356-004
















-1 .0 78'85x.9+ :; 0
1.79312534*001
-1.21659772+000
I ably 1 1 )	 Parameters in	 uatiuns 22, L 1, and 2-1 for lie
COUFFICIEN T f' FOR
THER14AL






































rTable 2 	 Thermal conductivity deviations of Ti Al 10
-AT
THERMAL CONDUCTIVI T Y DATA
MEAN	 TEMPERATURE






















































































































































































































































































































































































AVG 67 1045 PM











































































































THERMAL CONDUCTIVITY DATA ON TI A110AT 2 AUG 67 1015 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
Tf MPERATVRE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
24.190 0.838 2.27+000 2.26+000 0.2
25.019 0.820 2.32+000 2.32+000 -0.1
25.826 0.795 2.39+000 2.38+000 0.7
26.614 0.780 2.44+000 2.43+000 0.4
27.384 0.761 2.50+000 2.48+000 0.8






iTable Z-  1 (Cont. )
THERMAL COWVCTIVITY DATA ON TI At10AT 3 AM 67 230 PM
Mf AN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVI T Y CONDUCTIVITY
32.083 1.359 2.76+000 2.76+000 -0.2
33.429 1.33: 2 82+000 2.84+000 -0.8
34.739 1.289 2.91+000 2.91+000 0.0
-% 014 1.262 2.97+000 2.97+ 00 -0.1
37.262 1.234 3.04+000 3.04+000 0.0
38.488 1.218 3.08+000 3.10+000 -0.6
39.695 1.197 3.13+000 3.16+000 -0.8
THERMAL CONDUCTIVITY DATA ON TI	 A110AT	 3 AVG 67 507 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL. DEVIATION
CONDUCTIVITY CONDUCTIVITY
39.494 3.55"' 3.13+000 3.15+000 -0.5
42.971 3.398 3.28+000 3.50+000 -0.9
46.291 3.241 3.44+000 3.44+000 -0.2
49.471 3.119 3.57+000 3.57+0')0 0.0
52.539 3.018 3.69+000 3.68+000 0.2
55.519 2.941 3.78+000 3.78+000 0.1
58.428 2.878 3.87+000 3.88+000 -0.2
THERMAL CONDUCTIVITY DATA ON TI	 A110AT	 4 AVG 67 1150 AM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
48.448 6.125 3.52+000 3.53+000 -P,2
54.411 5.802 3.72+000 3.74+000 -^.7
60.068 5.513 3.91+000 3.93+000 -0.3
65.467 5.284 4.08+000 4.08+000 -0.0
70.663 5.108 4.22+000 4.22+000 0.1






































































THERMAL CONDUCTIVITY DATA ON




























































































































































































































































THERMAL CONDUCTIVITY DATA ON T1 A1t0AT 28 .JULY 67 1000 AM
MEAN TEMPERATURE OBARVED CALCULATED PERCENT
TEMPERATURE DIF ERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
104.962 4.633 4.92+000 4.92+000 0.0
109.585 4.574 4.48+000 5.00+000 -0.3
114.112 4.480 5.09+000 5.07+000 0.3
118.554 4.405 5.17+000 5.15+000 0.5
122.929 4.344 5.24+000 5.22+000 0.5
127.258 4.3114 5.28+000 5.29+000 -0.2




THERMAL CONDUCTIVITY DATA ON TI	 A110Ai 28 JULY 67 621 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THIERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
121.579 4.52 5.19+000 5.20+000 -0.2
126.107 4.505 5.24+000 5.27+000 -0.6
130.563 4.406 5.36+000 5,34+000 0.3
154.931 4.329 5.45+000 5.41+000 0.7
139.237 4.283 5.51+000 5.49+000 0.5
143.512 4.266 5.53+000 5.56+000 -0.4
147.759 4.230 5.58+000 5.63+000 -0.8
THERMAL CONDUCTIVITY DATA
---------------------------------------------------------------
ON TI	 A110AT 29 JULY 67 630 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
73.552 2.493 4.29+000 4.29+000 0.1
76.036 2.474 4.33+000 4.55+000 -0.5
78.489 2.433 4.40+000 4.40+000 -0.0
80.907 2.403 4.45*.000 4.46+000 -0.0
83.294 2.372 4,51+000 4,51+000 0.1













































































































































































Table 2  (Cent. )
T HERMAL CONDUCTIVITY DA'A ON 'I a110AT 19 SEPT 67 )00 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERE NCF THERMAL THERMAL DEVIATION
CONDUCTIVITY CONVVCTIvIrY
1 4'0.579 1.629 6.52+000 6.52+000 -0.0
201.202 1.618 6.56+000 6.556,000 0.2
02.808 1.592 6.67+004 6.58+000 1,4
204.397 1.586 6.69+000 6.61+00 1.3
05.960 1.581 6.71+000 6.63+000 1.2
207.57 1.603 6.62+000 6.66+000 -0.6
20 .+. i B3 1.619 6.56+000 6.69+000 -:'. 1
THERMAL CONDUCTIVITY DATA ON TI	 A110AT 20 SEPT 67 1100 AM
MEAN TEMPERATURE OBSERVED CA:_Ct;LATED PERCENT
TEMPERATURE D I «ERENCE THERMAL I HERMAL C4 / I A T I ON
CONDUCTIVITY CONDUCTIVITY
199.556 1.633 6.50+000 6.52+000
201.184 1.621 6.55+000 6.55+000 -0.,
201.792 1.596 6.65+000 6.58+000 1.?
204.384 1.5P9 6.68+000 6.61+000 1	 1
205.971 1.584 6.70+000 6.63+000 1.0
207.565 1.606 6.61+000 6.66+000 -0.6
09.179 1.622 6.54.000 6.69+000 -2.3
THERMAL CONDUCTIVI T Y DATA
----------------------------------------------------------------
ON TI	 A110AT 21 SEPT 67 900 Ay
MEAN TEMPERATURE OBSERVED CALCULATED ' kLENT
TEMPERATURE DIFFERENCE THERMAL THERMAL OL v . A T I ON
CONDUCTIVITY CONDUCTIVITY
07.105 4.873 6.60+000 6.65+000 --0.8
211.933 4.782 6.73+000 6.74+000 -0.2
21b.660 4.671 6.89+000 6.83+000 1.0
221.299 4.608 6.98+000 6.41+000 1.1
225.885 4.564 7.05+000 6.99+000 0.9
230.469 4.606 6.99+000 7.07+000 -1.2
35.090 4.636 6.94+000 7.16+000 -3.0
1 )o
























































Table 22	 Electricai resistivity deviations of Ti Al 10-AT
1£ AN TEPRERATURF OBSERVED CALCULATED PERCENT INTRINSIC
TEMPERATURE RANGE RESISTANCE RESISTANCE DEVIATION kESISTANCE
9.524 3.715 2.427-003 2.427-003 0.00 1.900-006
14.185 6.226 2.426-003 2.426-003 -0.01 9.9%-v07
14.153 6.193 2.426-003 2.426-003 -0.01 5.996-007
22.201 10.706 2.425-003 2.425-003 -0.00 1.9(A-007
27,372 9.638 2.426-003 2.426-003 0.01 9.996-007
5.769 1.342 2.428-003 2.429-003 -0.01 3.600-006
8.457 3.076 2.427-003 2.427-003 0.02 2.600-006
-,)6.543 5.479 2.425-003 2.425-003 0 00 4.996-007
X6.579 5.477 2.425-003 2.425-003 0.00 4,996-007
35.959 8.890 2.430-003 2.429-003 0.01 4.800-006
49.245 22.151 2.444-003 2.444-003 -0.01 1.980-005
65.058 37.690 2.468-003 2.469-003 -0.02 4.360-v05
81.118 !4.238 2.499-003 2.499-003 -0.0? 7,380-005
30.686 1).363 2.427-003 2.4?7-003 0.01 2.000-006
79.028 4.011 2.494-003 2.494-003 0.00 6.910-005
81.982 7.836 2.500-003 2.500-003 0.01 7.500-005
88.462 15.107 2.513-003 2.513-003 0.01 8.810-005
100.812 28.444 2.538-003 2.538-003 0.02 1.136-004
118.424 31.014 2.575-003 2.574-003 0.01 1.499-004
134.812 30.572 2.600-003 2.608-003 -0.00 1.834-004
80.849 16.868 2.497-003 2.497-003 -0.00 7.260-005
80.730 16.852 2.497-003 2.497-003 -0.01 7.230-005
80.893 16. 8158 2.497-403 2.498-003 -0.01 7,260-005
68.20 : 4.254 2.473-003 2.473-003 -0.01 4.840-005
204.389 11.228 2.743-003 2.744-003 -0.01 3.186-004
204.376 11.251 2.743-003 2.744-003 -0.01 3.186-004
2.21.206 32.740 2.774-003 2.774-003 0.01 3.496-004
291.207 21.200 2.894-003 2.895-003 -0.01 4.697-004
3.975 0.000 2.429-003 2.429-003 0.01 4.100-006
4.069 0.000 2.429-003 2.429-003 -0.01 4.000-006
20.464 0.000 2.425-003 2.425-003 -0.01 9.957-008
75.737 0.000 2.488-003 ?.487-003 0.01 6.280-005
75.737 0.000 2.488-003 2.487-003 0.01 6.280-005
273.063 0.000 2.864-003 2.864-003 0.01 4.397-004
141






















































































































































Table 24	 Thermal conductivity deviations of At- 7039
THERMAL CONDUCTIVITY DATA ON AL 7039 1 9 OCT 67 11;, PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
8.642 0.842 1.27+001 1.25+001 0.9
9.453 0.779 1.'7+001 1.37+001 -0.4
10.03 0.720 1.48+001 1.48+001 -0.2
10.901 0.677 1.57+001 1.58+001 -0.6
11.556 0.633 1.68+001 1.68+001 0.2
12.171 0.596 1.79+001 1.77+001 1.0





ON AL 7039 19 OCT 67 430 PM
MEAN TEMPERATURE OBSERVED CALCULATEV PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
11.367 1.056 1.67+001 1.65+001 1.0
12.386 0.982 1.79+001 1.80+001 -0.4
13.333 0.911 1.93+001 1.94+001 -0.3
14.218 0.859 2.05+001 2.07+001 -0.8
15.049 0.804 2.19+001 2.19+001 0.0




THERMAL CONDUCTIVITY DATA ON AL 7039 19 OCT 67 630 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL_ DEVIATION
CONDUCTIVITY CONDUCTIVITY
17.745 1.917 2.62+001 2.59+001 1.2
19.585 1.763 2.85+001 2.86+001 -0.3
21.278 1.622 3.09+001 3.10+001 -0.3
22.848 1.520 3.30+001 3.33+001 -0.7
24.316 1.41E 3.54+001 3.53+001 0.2






r'I'ai,le 24 (Cotit. )
T H4icnAL t-ONDUCIIVITY DATA ON AL 7039 19 OCT 67 730 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
5.352 0.272 7.67+000 7.52+000 1.9
5.619 0.263 7.94+000 7.95+000 -0.1
5.876 0.250 8.35+000 8.35+000 0.0
6.122 0.242 8.61+000 8.74+000 -1.4
5.358 0.231 9.03+000 9.10+000 -O.E
6.584 0.220 9.47+000 9.45+000 0.
6.802 0.?.16 9.68000 9.78+000 -1.0
THERMAL. CONDUCTIVITY DATA ON AL 7039 20 OCT 67 1200 NOON
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE. THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
21.947 0.141 3.25+001 3.20+001 1.5
::2.090 0.144 3.18+001 3.22+001 -1.2
22.234 0.144, 3.18+001 3.24+001 --1.9
2;.377 0.142 3.23+001 3.26+001 -0.9
22.518 0.139 3.30+001 3.28+001 0.5
22.657 0.139 5.311-001 3.30+001 0.3
22.796 0.139 3.31+001 3.32+001 -0.3
THERMAL CONDUCTIVITY DATA ON AL 7039 20 OCT 67 215 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
24.920 1.010 3.66+001 3.62+001 1.1
25.920 0.989 3.74+001 3.76+001 --0.6
26.891 0.954 3.87+001 3.89+001 -0.5
27.833 0.929 3.98+001 4.02+00' -1.1
28.-43 0.891 4.15+001 4.14+001 0.0
29.622 0.866 4.27+001 4.26+001 0.
30.476 0.844 4.38+001 4.37+001 4.2
144













































































































































































Table 24 (Cont. )
1






























































































































































































Table 24 (Cont. )
THERMAL CONDUCTIVI T Y DATA ON
MEAN	 TEMPERATURE
T EMPERATURE	 DIFFERENCE










































































































































































Table 24 (Cont. )




TE MPERATURE	 DI FFERENCE
















































THEF.MAL CONDUCTIVITY DATA ON AL 7039 25 OCT 67 120 PM
ME AN TEMPERATURE OBSERVED CALCULATED PERCEN1
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDIKTIV1TY
281.052 2.289 1.55+002 1.54+002 0.7
283.343 2.294 1.55+002 1.54+002 0.2
28^.^25 2.270 1.56+002 1.55+002 0.9
287.895 2.269 1.56+002 1.55+002 0.8
290.157 2.254 1.57*002 1.56+002 1.1
292.422 2.277 1.56+GG2 1.5b+402 0.1
































































Fithlo 25	 P',lectrical resistivity deviations of At 70 3')
MEAN TEMPEkATAE JBA RVED CALCULATED PERCENT INTRINSIC
TEMPERA T URE RANGE RESISTANCE RESISTANCE DEVIATION RESISTANCE
10.811 4.818 2.896-004 2.896-004 -0.0:5.055-OG8
14.109 6.101 2.896-104 2.895-004 0.04 1.545-007
2" 634 10.857 2.904-004 2.904-004 0.00 9.005-007
6.102 1.694 2.895-004 2.895-004 0.00 5.457-010
22,374 0.989 2.903-004 2.903-004 -0.00 8.005-007
2 ', .'72 6.483 2.91.3--004 x'.913-004 -0.01 i.801-006
4:.947 19.925 2.988 -004 2.987 -004 0.04 9.301-006
60.407 27.249 5.M2-004 3.163-004 -0.04 2.1670-005
92.226 17.058 3.6%i7-004 3.667-004 0.01 7.720-005
114.61' 58.293 4.106-004 4.106-004 -0.41 1.11 -004
144.003 50.225 4	 32-004 4.732-004 0.00 1.837-004
14C.a00 54.243 4.732-004 4.732 -004 O.G1 1.837-004
179.31 61.863 5,45 -004 5.451-004 0.02 :'.55 7-004
79.924 16.833 3.448-004 3.448-004 -0.01 5.530-005
.02.938 11.054 5.935-004 5.940--004 -0.06 3.40-004
.14.156 X4.103 4.173-004 6.110-004 O.v6 3.:78-004
87.885 15.934 7.675-004 7.671-004 0.05 4.780-004
A8.809 17.043 7.686•-004 7.690-004 -0.05 4.79 -004
76.074 0.000 3.383 -004 3.383-004 0.01 4.880-005
1.052 0.000 2.895 -004 2.895--004 -0.00 5.45 7-010
2(1..'.84 0.000 2.899 -004 2.900 -004 -0.03 4.505-007
149






































































































Thermal (".,.aductivity deviations of Incunel 718
THERMAL CONDVCTIVI T V DATA ON INCONEL 718 2 7 DEC 67 645 PM
MEAN TEMPERATURE OBSERVED (AL%ULATEP PERCENT
? IMPERATVRIE DIFFERENCE THERMAL THERMAL DEVIATION
CONDLICT IVI TV CONDLKT1VITr
18.029 1.584 2.16+000 2.16.000 0.2
19.555 1.463 2.95.000 :.35.000 -0.2
20.962 1.356 2.55*000 2.52.000 0.3
22.180 1.278 2.69.000 2.67+000 0.5
25.526 1 -4 5 2.82.000 2.81.000 0.5
,:4.713 1.158 2.96.000 2.44.000 0.7
25.652 1.119 3.06.000 3.06.000 -0.0
THERMAL CONDUCTIVI T Y DATA ON INCONEL 718 27 DEC 6 71 850 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
T EMPERATURE DIFFERENCE THERMAL- THERMAL DEVIATION
CONDIKTIVITV CONDVCTIVITr
12.388 1.031 1.41.000 1.41.000 0.1
15.376 0.944 1.54*000 1.35.000 -0.4
14.284 0.871 1.67*000 1.67.000 -0.:'
15.128 0.817 1.78+000 1.79+000 -0.1
15.923 0.773 1.88.000 1.89.000 -0.4




THERMAL COWLKTIVITY DATA ON INCONEL 718 27 DEC 67 1045 PM
MEAN TEMPERATURE OBSERVED CALCL ATED PERCENT
T EMPERATURF DI F FFRENCE THERMAL THERMAL DEVIATI0ti
CONDUCTIVI T Y CCVVCTIVITV
6.734 0.405 6.44-001 6.56-001 1.3
7.124 0.375 6.97-001 6.85-001 1.7
7.486 0.350 7.44-001 7.33-001 1.6
7.826 0.330 7.93-001 7.78-001 1.9
8.148 0.315 8.21-001 0.9








Table 2 i (Cont.)
THERMAL Cft^tKTIVITY DATA ON INCOfEL 718 2 7 DEC 67 1110 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY C ONDUC TIVITY
6.758 0.406 6.41-001 6.57-001 0.8
7 .129 0.376 6.94-001 6.86 001 1.1
7 .493 0.951 7.41-001 7.34-001 1,.0
%.834 0.350 7.91-001 7,79-001 1.5
8.157 0.516 6.24-001 8.22-001 0.3
8.464 0.298 8.76-001 8.64-001 1.3
8.7'56 0.206 9.11-001 9.04-001 0.7
----------------------------
T HIE R11AL C ONDUC T I V I T T DATA ON I NC ONE L 718
----------------------------------
27 DEC 6 7 1136 PM
MEAN TEMKRATURE O9SFRVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
C ONDUC T I V 1 T Y C ONDUC T I V I T Y
6.744 0.406 6.56-001 6.37-001 0.2
7.137 0.577 6.89-00! 6.87-001 0.5
7.502 0.353 7.36-001 7.95-001 0.2
7.845 0.332 7.83-00-, 7.80-001 0.4
8.169 0.317 8.20-001 8.24--001 -0.4
8.476 0.296 8.71-0r: 6.66-001 0.6
8.769 0.287 9.06-001 9.06-001 -0.0
THERMAL CONDUCTIVITY DATA ON INCONEL 718 27 DEC 67 1210 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
Tk MPERATVRE DIFFERENCE
 THERMAL THERMAL DEVI ATI ON
CONDUCTIVITY CONDUCTIVITY
6.763 0.407 6.53-001 6.40-001 -1.0
7.155 0.377 6.85-001 6.90-001 -0.7
7.520 0.352 7.31-001 7.37-001 -0.8
7.862 0.332 7.78-001 7.83-001 -0.6
8.186 0.316 8.16-001 8.26-001 -1.2








Table 27 (Cont. )
THERMAL CONJ KTIVITY DATA ON INLONEL 710 27 DEC 67 1230 P"
MEAN T EMINERA T URE OBSERVED C AL C UL A TED PERCENT
TEWDATURE D 1 rFEREWE THERMAL THERMAL DE  1 AT I ON
CONDUCTIVITY CAOIKTIVITV
6.797 0.405 6.31-001 6.41-001
-2.1
7.106 0.5715 16.62-001 6.94-001 -1.7
7.548 0.350 7.20-001 7.41-001 -1.7
7. M 0.329 7.73-001 7.86-001 -1.4
6.210 0.314 8.12-001 8.29-601 -2.2
6.51 15 0.295 6.64-001 6.71-001 -0.6
6.806 0.216 8.91-001 9.11-001 -2.5
THERMAL C ONOUC T I V 1 T Y DATA ON I NC ONEL 718 28 DEC 67 5315 PHM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
MPTEERATURE D 1 «E7ENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CO/OIKTIVITV
23.155 0.537 2.77+000 2.77+000 0.0
23.688 0.'.f29 2.62+000 2.63+000 -0.4
24.210 0.515 2.99*000 2.09+000 0.1
24.719 0.55 2.95+000 2.94+000 0.3
25.220 0.496 5.00.000 3.00.000 0.2
25.711 0.487 3.06.000 3.05+000 0.2
26.195 0.41)0 3.10+000 3.10+000 -0.0
THENIAL CONM TIVITY DATA
---------------------------------------------------------------
ON INCONEL 718 26 DEC 67 605 PH
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE D 1 FFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDQCTIVITY
33.521 2.051 5.83+000 3.81+000 0.6
55.540 1.965 3.97+000 3.99+000 -0.6
37.481 1.896 4.14+000 4.15+000 -0.5
39.345 1.630 4.50+000 4.30+000 -0.0
41.150 1.779 4.42+000 4.44+000 -0.5








Table 27 (Cont. )
THERMAL ;ONOtKTIVl 1 r DATA ON INCONEL 718 29 DEC 67 1215 P"
MEAN TEMPEPATU<E JBSc RUED CALCULATED KNEW
TEMPERATAf D 1 «E1 £NCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
26.673 1.103 3.17+000 3.15+000 0.5
27.762 1.074 3.x'6+000 3.26+006 -0.2
28.816 1.0N 3.30+000 3.37+000 0.3
29.837 1.007 3.47+000 3.47+000 0.1
50.831 0.980 3.57+000 3.56+000 0.1
31.600 0.959 3.64+000 3.65+000 -0.3
32.750 0.959 3.72+000 3.74+000 -0.6
THERMAL CONDUCTIVITY DATA
-----------------------------------------------------------------
ON INCONEL 718 29 DEC 67 320 PM
MEAN TEWERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
C ONDIK l IV I T Y C ONOUC T I V I T Y
415.449 5.931 4.76+000 4.75+000 0.2
49.299 3.769 4.97+000 5.01+000 -0.7
52.975 3.582 5.22+000 5.24+000 -0.2
56.403 3.435 5.46+000 5.44+000 0.4
59.867 3.333 5.62+000 5.61+000 0.1
63.153 3.239 5.70+000 5.76+000 0.1
66.%0 3.174 5.90+000 5.93+000 -0.5
----------------------------------------------------------------
THERMAL CONDUCTIVITY DATA ON INCONEL 718 22 DEC 67 1145 AM
MEAN TEWERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
88.662 1.476 6.84+000 6.76+000 1.2
90.151 1.500 6.75+000 6.80+000 -0.8
91.637 1.473 6.86+000 6.85+000 0.1
93.105 1.462 6.92+000 6.89+000 0.5
94.564 1.456 6.95+000 6.93+000 0.2








Table 2'7 (Cont. )
THERMAL CONDUCTIVITY DATA ON 1NC0N[L 718 22 DEC 67 545 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERA7L*f DIFFERENCE THER'1AL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
101.430 4.336 7.19+000 7.12+000 1.0
105.768 4.339 7.19+000 7.24+000 -0.6
110.055 4.236 7.36+000 7.34+000 0.1
114.266 4.187 7.46+000 7.45+000 0.1
118.425 4.132 7.55+000 7.54+001 0.0
122.539 4.095 7.62+040 7.64+000 -0.5
126.619 4.066 7.67+000 7.73+000 -0.8
THERMAL CONDUCTIVITY DATA ON INCONEL 718 23 DEC 67 1215 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
138.125 11.549 8.08+000 7.96+000 1.2
149.410 11.226 8.18+000 8.23+000 -0.6
100.441 10.835 8.46+000 8.46+000 -0.0
171.157 10.596 8.67+000 8.69+000 -0.3
181.634 10.555 8.86+000 8.91 +000 -0.6





THERMAL CONDUCTIVITY DATA ON 1NCONEL 718 24 DEC 67 400 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
71.854 1.749 6.22+000 6.16+000 0.9
73.606 1.756 6.20+000 6.23+000 -0.5
75.345 1.722 6.32+000 6.50+000 0.2
77.059 1.706 6.38+000 6.36+000 0.5
78.757 1.689 6.44+000 6.43+000 0.3








rTable 27 (Cont. )
THERMAL CONDUCTIVITY DATA ON INCONEL 718 3 JAN 68 730 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CO,W TI^ITV
3 06.974 2.650 9.67+000 9.45+000 2.3
209.648 2.696 9.51+000 9.51+000 0.0
212.525 2.657 9.94+000 9.57+000 0.7
214.981 2.656 9.66+000 9.62+000 0.4
217.629 2.640 9.71+000 9.68+000 0.3




THERMAL CONDIKTIVITV DATA ON IW ONEL 718 4 JAN 67 140 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE D I «ERENC E THERMAL THERMAL DEV IATI ON
CONDUCTIVITY CONDUCTIVITY
230.068 9.979 1.01+001 9.94+000 1.9
240.057 9.999 1.01+001 1.01+001 -0.2
249.929 9.746 1.04+001 1.03+001 0.3
259.606 9.607 1.05+001 1.05+001 0.2
269.126 9.433 1.07+001 1.07+001 0.3







	 Electrical resistivity deviations of Inconel 718
ME AN TEMPERATURE OBSERVED CALCULATED PERCENT INTRINSIC
TEMPERATURE RANGE RESISTANCE RESISTANCE DEVIATION RESISTANCE
22.131 9.174 1.918 -003 1.918-003 0.00 1.161 -006
15.023 5.869 1.920-003 1.920-003 -0.02 2.961-006
7.788 2.358 1.924-003 1.924-003 0.00 6.561-006
7.796 2.364 1.924-003 1.924-003 0.00 6.561-006
7.806 2.372 1.924-003 1.924-003 0.00 6.561-006
7.824 2.369 1.924-003 1.924-003 0.00 6.561-006
7.850 2.355 1.924-003 1.924-003 0.00 6.561-006
24.700 3.549 1.918-003 1.918-003 0.00 6.607-007
39.221 12.958 1.918-003 1.918-003 0.00 1.061-006
29.781 7.097 1.918-O03 1.917-003 0.02 5.607-007
56.226 24.463 1.922-003 1.923-003 -0.02 5.361-006
93.086 10.266 1.940-003 1.939-003 0.01 2.256-005
114.157 29.389 1.951-003 1.951-003 0.01 3.386-005
170.666 74.572 1.982-003 1.982-003 0.01 6.516-005
77.025 11.970 1.931-003 1.931-003 --0.04 1.366-00!
214.964 18.596 2.005-003 2.006-003 -0.03 8.836-005
259.305 67.387 2.029-003 2.029-003 0.01 1.120-004
4.053 0.000 1.927-003 1.927-003 -0.00 9.561-406
20.150 0.000 1.919-003 1.919-003 0.00 1.561-006





































































































'fable 10	 Thermal conductivity deviations of 11astelloy X









































X 23 JAN 68 245 PM


















T HERMAL CONDUCTIVITY DATA FOR HASTELLJY X 23 JAN 68 410 PM
MEAN TEMPERATtRE OBSEkVED CALCtILATEP PERCENT
T EMPE RATURE D IFFE RENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
1.692 1.055 1.82+000 1.83+000 v,4
13.712 G.9e35 1.95+000 1.97+000 -G.9
14.665 0.922 2.08+000 2.10+000 -0.6
15.561 0.8-71 2.21+000 2.21+000 -G.2
16.409 0.826 2.33+000 0.32+000 0.3
17.218 0.792 2.43+000 2.42+000 0.4
17.998 0.767 2,50+000 2.51+0,00 -0.2
THERMAL CONDUCTIVITY DATA FOR HASTELLOY X 23 JAN 68 500 FM
MEAN TEMPERATURE OBSEkVED CALCULATED PERCENT
T E MP E kAT 1RE DIFFERE NCE THERMAL THERMAL DEVIATION
COWVCTIVITY CONDt ►CTIVITY
18.474 1.652 x.57+000 2.56+000 G.1
0.075 1.551 2.73+000 2.74+000 -0,.4'-,
:1.580 1.457 2.91+000 2.90+000 0.3
2'1 .000 1.383 3.07+040 3,04+000 0.8
24.351 1.319 3.22+000 3.17+000 1.3
215.64 71 1.274 3.33+000 3.29+000 1.1
?6_90 =' 1.-'36 3.43+000 3.41+000 ^.
159
Table 3 0 ((:cent. )
S HE kMAL C0Nil lk T IVITY DA T A FOR HA STELLOV X 24 JAN 6g 1145 PM
KAN TEMPERATURE "PSERAP CALCULATED PERCENT
TEMPERA TURE ►l I«ERENCE THERMAL THERMAL DEVIATION
CONDUC T IVI T Y CONDUKTIVITY
6.188 0.364 8.30-001 6.18-001 1.5
6..544 0.357 6.48-001 8.74-001
-3.1
^.dJ0 0.327 .4.26-001 9.29-001 -0.3
'.207 0.306 9.87-001 9.60-001 O.8
1.585 0.291 1.04+000 1.03+000 1.1
7.742 0.283 1.07+000 1.07+000 -0.4
8.068 0.269 1.12+000 1.12+000 0.3
----..
THERMAL CONDUCTI VI T Y DATA
----------------------------------------------------------
FOR HASTELLOY X 25 JAN 68 200 PM
MEAN TEMPERATURE OBSERVED CALoXATED PERCENT
TEMPERATURE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
'4.526 0.663 3.19+000 3.19+000 0.0
:5.185 0.655 3.23+000 -0.'
45.8'11 0.637 3.32+000 3.11+000 G .:'
:6.463 0.626 3.38+000 3.';7+000 G.3
2 7.083 0.615 3.44+000 3.42*000 O.5
27.6x3 0.604 3.50+000 3.4'+000 0.7
28.293 0.596 3.54+000 3.53+000 0.`
THERMAL CONDUCTIVITY DATA FOR HASTELLJY X 25 JAN 68 400 GM
MEAN TEMPERATURE OBSERVED CALCA.ATED PERCENT
TEMPERA T URE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
33.055 2.159 3.91+000 3.91+000 ..1
35.182 2.0.46 4.03+000 4. 06+000 -G.a
3f258 2.015 4.1.4+000 4.20+000 -0.4
^a,242 1.952 4.32+000 4.33+000 -0.3
4!.145 1.8x4 4.45+000 4.46+000 -0.0
43.019 1.854 4.55+000 4.57+000 -0.4
44.855 1.820 4.64+000 4.68+000 -0.a
160
Table 30 (Cont. )
'HE RMAL	 -11 NPI IC T IV 1 TV	 P A T F A HAS TELLOV X 25 JAN 68 60C PM
Mf AN T E MPERATURE •IBSERVFP CALC;IL ATEP PMEN T
T f MPE RA T;^Rf DIFFERE NCE THERMAL THERMAL DE VI ATION
CONPLIC T I V I T Y C %AftIC T I V I T Y
49.843 4.511 4.97+000 4.94+000 0.5
54.096 4.145 5.11+000 5.15+000 -0.8
58.205 4.024 5.32+000 5.35+000 -0.1
62.160 5.886 5.51+000 5.49+000 0.4
65,990 3.792 5.65+000 5.65+003 0.5
;9.750 3,704 5.77+000 5.76+000 0.^"
75.435 3.661 5.85+000 5.88+000 -G.5
T HERMAL CONPl1CTIV1TY DATA FOR HASIFLLOV X 46 JAN 66	 111; AM
MEAN T EWERATLIRE. OBSERVEP CALCVLATEP PERCENT
TEMPERAT; 1RE PIrrERENCE THERMAL THERMAL DEVIATION
CJNIIUCTIVITY COW.,(TIVIT)
21A58 0.356 2.90+000 2.94+600 1.3
2.290 0.349 :.96+000 2.97+000 -0.S
44.638 0.346 21 .98+000 3.01+000 -0.8
22.980 0.339 3.04+000 r.04+000 -0.1
3.317 0.335 3.08+000 5.0"+000 0.1
;3.651 0.532 3.10+000 5.11+000 -G.1
23.981 0.348 3.14+000 3.14+000 0.6.
THEkMAL CONDUCTIVITY DA T A
-----------------------------------------------------------------
FOR HASTELLOI X 26 JAN 68 1230 PM
MEAN TEMPERATURE OBSERVED CALCULATEP PERCENT
TEMPERAT'AF P1rrERENCE THERMAL THERMAL PEV IATION
CONPUC T IVI T Y CJNPVCTIVITY
47.800 1.516 3.49+000 3.48+000 0.1
43.10 1 .;'87 3.57+000 3.59+000 -0.7
30.366 1.;'42 5.70+000 5.70+000 0.0
51,5x1 1.210 5.80+000 5.79+000 0.0
52.783 1.175 5.91+000 3.88+000 0.6
55,x48 1.155 5.97+000 5.97+000 G.3
55.093 1.154 4.05+000 4.05+000 --0.:
1 (d
Table 30 (Cont. )
'r NERMAL. CONNOIVI TV DATA
Mf AN	 TEMPERATL►RE

























18 JAN CA 1200
CALC;I.ATED
THERMAL


















THERMAL CONDUCTIVITY DA T A FOR HASTELLOY X 19 JAN 68 400 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
T [MPFRATVRE DIFFERENCE THERMAL THERMAL DEVIAT ION
CONDUCTIVITY CONPLICTIVITY
A5.^'00 :.317 6.24+000 6.21+000 0.5
87 .5)4 x.329 6.21+000 6.27i000 -0.9
89.832 2.287 6.33+000 6.33+000 -G.0
92.109 2.268 6.38+000 6.38+000 -0.0
94.364 2.:43 6.45+000 6.44+000 0.:




THERMAL CONDUCTIVITY DATA FOR HASTELLOY X 20 JAN 68 500 HM
MEAN TEMPERATURE OBSERVED CALCIL ATED PERCENT
T EMPEkA%R[ DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDVCTIVITY
105.599 6.014 6.73+000 6.68+000 0.6
111.601 5.989 6.76+000 6.80+000 -0.5
117.515 5.839 6.93+000 6.92+000 0.3
123.310 5.752 7.04+000 7.03+000 0.2
129.012 5.651 7.17+0u0 7.13+000 0.4






































































Table 30 (Cont. )















































































































































rTable 31	 Electrical resistivity deviations of llastelloy X
ME AN TE_W'E RATVkf. -IPSERAV CAL( I. I1_A TEP oERCE.NT INTR I N:,! (
TEMPf kA T L IRf RANGE RESISTANCE RESISTANCE DEVIATION RE_SIST ANC f
3.615 1.934-00-3, 1 .954--005 0.013
15.465 6.218 1.952-00= 1.952-005 -0.01 8.171
...d61 9.873 1.931-005 1.951-1303 0.413 x.171 -G0
%.171 2.196 1.936-005 1.935-005 0.00 4.597-GGF,
26.459 4.39" 1.951-005 1.931-005 -0.00 4.971-007
31.102 13.790 1.954-003 1.934-003 0.00 2.817-0136
61 .926 2'.579 1 .941-003 1 .941-003 0.00 1 .050-005
2:.x71 2.385 1.931-003 1.931-003 -0.00 2.171 
-0 0'
51.526 8.518 1.15:'-003 1.952-003 0.00 1.117-006
77.899 13.038 1.948-003 1.948-003 -0.00 1.690-005
12.065 15.891 1.154-005 1.454-003 0.00 :'.520-0135
1:3.121 40.361 1.968-003 1.968-003 0.01 3.750-0135
17;,959 68,717 1.494-003 1.993-1303 0.00 6.260-005
177.986 6	 78.'6 1.993-003 1.995-003 -0.00 6.25'0 -13 05
213.198 18.619 2.009-003 2.009-003 -G. 01 7.81:
85.624 68.111 :.038-003 2.038-005 0. 075-004
75,98F, 0.000 1.947-003 1.947-003 --0.01 1.590-005
4.051 0.000 1.938-003 1.138-003 -13.00 7.217- -OC)o
20 .:'4t') 0.OGG 1 .951-003 1 .931-1303 0.00 3.171-13137
105
Fable 32	 Thermovoltage deviations of Ilastelloy X
APPFR
TEMPERATURE









































































1Fable 33	 Thermal conduc t ivity deviations of Be-;

























































































CALC'. 1LA TEP PERCENT








THERMAL CONDUCTIVI T Y DA T A FOR BE 22 MAR 68 1030PM
MEAN TEMPEkATURE OBSERVED CALCULATED PERCENT
'EMPEkA T URE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
142.099 14.384 2.79+002 2.74 002 1.6
156.745 14.x08 2.69+002 2.69+002 -0.1
1 71 .912 15.;'26 2.64+002 2.61 +00 0.9
187.'58 15.467 2.53+002 2.52+002
403.510 16.438 4).44+002 2.4 2+004
:20.390 ;7.323 &2.31+00: :.3&+002 -'r.4
107
rTable 33 (Cont. )
T HERMAL_ CONDUCTIVITY DATA FOR BE 23 MAR 68 1230 PM
ME AN TEMPERATURE OBSERVED CALCIOLATEP PERCENT
T E MPS.RA T URE 01 r-FERENCE THERMAL THEk;,AL DEVIATION
CONDUCTIVITY CONDUCTIVITY
65.310 0.497 1.89+002 1.87+002 1.1
65.810 0.502 1.87+002 1.88+002 --0.7
66.308 0.495 1.90+002 .a0+002 0.1
66.804 0.497 1.89+002 1.91+002 -0.9
67.296 0.487 1.92+002 1.92+002 0.1
E.7.785 0.487 1.93+002 1.93+002 -0.4
THEkMAL CONDUCTIVIT Y DATA F-"4 BE 23 MAR 68 630 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERA T URE DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
b9.385 1.163 2.00+006-) 1.98+002 1.3
70.551 1.169 1.99+002 2.01+002 G.7
71.706 1.142 2.04+002 2.04+002 0.2
72.846 1.136 2.05+002 2.06+002 -0.7
73,969 1.109 2.10+002 2.09+002 0.3
75.074 1.102 2.11+002 2.12+002 -G.3
THERMAL CONDUCTIVITY DATA FOR BE 23 MAR 68 1115 PM
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE DIFFERENCE THU(MAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
75,297 1.869 2.15+002 2.12+002 1.3
77.167 1.870 2.15+00?_ 2.17+042 -0.9
79.011 1.818 1.22+002 2.21+002 G.1
80.820 1.800 2.24+002 2.25+002 -0.7






Table 33 (Cont. )




















































































































































Table 33 (Cont. )





























































































































































rTable 33 Wont. )
T HERMAL CONV ICTIVITV FOR BE
MEAN	 TEMPERATURE









































ITable 34	 Electrical resistivity deviations of 13e
MEAN TEMPFRATVRE OBSERVE D CALCVLATED PERCENT INTRINSIC
TEMPTkA T VRF RANGE RESISTANCE RESISTANCE DEVIATION RESISTANCE.
143.84' 64.755 2.674-004 2.677-004 -0.09 9.037-005
189.158 113.814 3.974-004 3.969-004 0.12 2.203-004
188,609 112.843 3,956-004 3.950-004 0.15 2.185-004
66.798 5.465 1.771-004 1.771-004 0.01 1.532-001
72.817 7.950 1.790-004 1.791-004 -0.03 1.915-006
80.760 12.618 1.825-004 1.825-004 0.00 5.415-006
86.075 6.305 1.853-004 1.853-004 -0.00 8.4,115-0 0(10
43.439 15.669 1.907-004 1.905-004 0.06 i.55'11-00r)
110.17A 20.725 2.072-004 2.075-004 -0.03 3.012-005
110.175 20.773 2.073-004 :.075-004 -0.01 3,017-405
208.764 11.17; 4.525-004 4.552-004 -0-10 :.752-004
264.744 80.062 6.876-004 6.877-004 -0,02 5.105-004















































































	 'rhermal conductivity deviations of PO-3 graphite
T HERMAL C%'NVt lCTIVITY DA T A FOR GRAPHITE 20 SEPT 68 1230 PM
ME AN TEMPERATURE OBSERVED CAMPL ATED PERCENT
'EMPERATAt DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
5.957 0.414 4.30-002 4.62-002 3.8
6.367 0.406 4.90-002 5.21-002 -6.1
6. 7141 0.34 5.82-002 5.82-002 ^.1
1.065 0.307 6.49-002 6.41-002 1.3
7.357 0.276 7.20-002 6.99-v02 2.9




























































THERMAL CONDUCTIVITY DA'iA FOR GRAPHITE 20 SEPT 68 625 PM
MEAN TEMPERATE OBSERVED CALCL►LATED PERCENT
TFMPEkATUkf DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY CONDUCTIVITY
1 1 . 701 1 .:_42 2.27-001 2.21-001 7
12.80 0.996 2.83-001 2.82-001 0.4
13.734 0.83-1 3.39-001 3.39-001 -0.0
14.506 0.711 3,97-001 3.92-001 1.0
15.179 0.636 4.43-001 4.43--001 0.0







Falk if, (Cont. )






























































































































































Table 36 (Cont.  )
THERMAL CONNCTIVIT1 VATA FOR GRAPHITE 24 SEPT 68 2,40 PM
Mf AN TEMPERATURE OBSERVED CALCULATED PERCENT
T EMPERA T URE DIFFERENCE THERMAL THEkMAL DEVIATION
COhOUCT1VITY C:NVVCTIVITY
3C, , d28 1.115 4.19+000 4.18+000 2
'58.469 1.566 4.58+000 4.62+000 -0.8
^a X71 t .438 4.99+000 5.04+000 --1	 .'.
41.548 1.316 5.45.000 5.44+000 G.4
42.619 1.226 5.85+000 5.82+vGG 1.5
43.816 t .1^.7 6.15+000 ►J:19+040 -G.7
44.955 1.111 6.46+000 6.55+000 -1.4
T HERMAL CONV ICTIVIT V DATA FOR GRAPHITE 24 SEPT 68 510 PM
MEAN TFMPEkATUkE OBSERAP CALCULATED r-f_RCE NT
'FMPERA T UkE DIFFERENCE THERM14L THEkMAL DF.V I AT I ON
CONDUCTIVI T Y CONDUCTIVITY
54.285 3.166 X.84+000 9. 79+000 f.5
5'. A CI O 2.864 1.09+0v1 1.09+001 _0.5
60.030 .546 1.20+001 1.20+001
t,-1 4.372 1 .31+001 1 .50+001 1.1
64.805 2.211 1.41+001 1.39+GG1 t.t




'HERMAL CONVUCTIVITY DATA V OR r,kAPHITE	 16 SEP T 68 1045 PM
MEAN TEMPEkA%1RE OBSERVED CALCIILATEP PEkCENT
T EMPERA T URE DIFFEkENCE THERMAL THERMAL DEVIA!7."N
CONDUCTIVI T Y CONNUCTIVIT'v
85.570 0.742 4.3;'+GG1 x.49+001 t.:
d6.3b4 0.796 4.31+001 4.3=+001 1.1
87.14 7 0.'69 2.38+001 -,.36+001
8 0. 161 6-.41+001 :'. 40+001 :.5
88.;65 0.746 2.4'+001 .43+001 1.1
89.410 0.744 2.47+001 .. 47+0'J 1 J • 1
1)0.153 0.742 2.47+001 4.50*'Jv1 -1.1
1 4 , ()


































SEPT 68 925 AM
CALCULATED
THERMAL






















































































































































Table 36 (Cont. )























































































































SEPT 68 220 PM
CALCVLATEP PERCENT
THERMAL DEVIATION





















I able 3t, ( Cont. )
T HE RMAL
	
CONCUC T IVI TV DATA FOR GRAPHITE 14 SEPT 68 1155 FM PERCENT
Mf AN TEMPERATURE -`BSEkVE[' CALCULATED
TEMPERATURE P IFPERERCE THERMAL THERMAL DEVIATION
Ct`NCUC T IVITV CJNI`."CTIVITY
4,17a 4.g•)" 8.0-+001 7.68+001 4.^
^7a.^d' ^.^^5 7.i,6+OG1 7.7::+OG1 -0.81.4
'84 .445 5.090 7.86+001 7.75+001
^da,5,43 5.106 7.84+001 7.78+0G1 0
;'94.64G 5.087 7.47.001 ?.81+vG1 0•
ag,76^^^ 5,162) 7.75+001 1.83+001 -1.G
304,446 5.201 7.b9+OG1 1.84+001
--1,9





THERMAL THERMAL i`EVI AT I ^^N
CJNp sCTIVITY C.?N(`UCTIVITY
47.484 3.579 7.60+GO1 7.38+001 :'•a
51.14, 3,747 7.43+001 -:'_•Q
' ,54.836 3.63± 1.49+001 7. 48+0 01 G.•
` ^ 459:'Sa 3 ,	 14c; '.53+001 7.52+001 .1.
62.054 3.576 7.C.1+001 v+GG1
..o
65.647 3.611 7.54+001 7,v0 +GG1
-G,a




Table 37	 1-:1ectrical resistivity cit•viatio ns of PO-3 graphite
Mf AN TEMPFRA%lkf OPSERVP ^ALOOLATEP PERCEN T INTkINSIC
T E MPERA 'I^RE RANGE RESISTANCE RESISTANCE DEVIA T ION kf.SI:'TAWF
'.001 2.2b5 5.12fl-002 5.129-002 -0.03 5.129-0021
9.854 3.263 5.111-002 5.110-002 4.42 `.111-004
14.-116 5.532 5.077-002 5.01	 -002 0.01 5.47"-0021
05322.-0428.358 5.008 5.011-002 -0.06 5.048-044 
24.836 3.327 4.983-002 4.986-002 -0.05 4.983-002
30.441 5.417 4.927-002 4.930-002 -0.07 4. K,7-0021
41.144 9.540 4.815-002 4.aia-042 -0.06 4.815-002
62.130 17.316 4.590-002 4.592-002 -0.03 4.590-404
87.889 5.34,1 4.327-002 4.32"-402 -0.02 4.3^ 7-0021
.47.539 8.5-1 4.234-0062 4.235-002 -0.01 4.434-004
121.878 15.1x3 4.016-002 4.016-0021 -0.00 4.016-GG2,
17'.501` 29.903 3.625-002 3.626-002 --0.43 ._3.6'5-0G
144.824 16.167 3.8;9-002 3.829-002 -0.00 3.829-004
215.729 8.135 3.351-004 3.351-0021 0.02 3.351-042
23;.376 15.565 3.235-002 3.235-002 -0.41 3.235-002
89.544 35.864 2.979-002 2.979-042 0.0c :.979-002
58.414 25.390 3.12 -442 3.125-002 --0.01 3.122-002
4.353 0.000 5.139--002 5.139-002 4.01 x.139-0021
7.456 0.000 5.1.'.6-OG2 5.126-002 :x.00 `x.12►,-404
19.377 0.000 5.035-002 5.036-002 -0.02 5.035-0062
?.0.267 0.000 5.031-002 5.028-002' 4.05 5.031-044
22.659 0.000 5.009-002 5.006-002 0.05 5.009-002
6.2'96 0.000 4.974-002 4.972-002 4.04 4.974-402
35.642 0.000 4.899-002 4.897-0062 0.04 4.899-:'^2
43.452 4.000 4.796-402 4.793-002 0.06 4.'9F,-G4;:
76.539 0.^.::. 4.445-002 4.441-002 0.09 4. 445-0v2,
80.589 0 . (-	 ,", 4.399-002 4.400-004 --4.02 4.'599-v ^4
85.939 0	 '. 4.346-002 4.347-004 --0.01 4.346-002
98.669 0.1 4.?24-002 4.224-002 -0.00 4.2:4-004
118.103 0 . 0 Q V 4.441•-002 4. 048-004', 0.01 4.'049--5^ 2
1 1 0.777 0.000 3.502-0062 3.503-002 -0.03 3.502-404
200.376 0.000 3.444-002 3.443-004 0.04 3..44-^21
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Table 39	 Transport properties of	 I i	 At 10-.`T
Thermal Flectricat I.t)ren•r. Thvri ► i<^-
1'emp Conductivity Re s i st iv it y ratio x l Cr puwv r
(K) (Wm-'K-1) (It ohm m) ( V/It'1 W/ K)
6 0.555 1.366 12,60 -0.30
7 0.662 1.365 12.90 -0.35
8 0.773 1.365 13.20 -0.39
9 0.885 1.365 13.40
-0,45
tG 0.996 1.365 13.60
--0.50
1.^ 10 1 .365 13,80 -0.56
14 1.410 1.364 13.80 -0.67
16 1.600 1.364 !3.7C -0, 7E
18 1.780 1.364 13.50 -0.89
20 1.950 1.364 13.30 -1.03
25 2.320 1.M4 12.70 -1.36
30 2.640 1..%4 1"00 -1 , 7-
3 1.366 11,40
-2.03
40 3.170 1.368 10.80
-2.30
45 3.390 1.371 10.30
-2.54
50 3.590 1.375 9.86 -2,76
55 3.760 1.379 9.43
-2.9F
60 3,920 1.383 9.04 -3.11
65 4.070 1.388 8.69 -3,26
7G 4.200 1.393 6.5; -3,34
75 4.320 1.398 8.06 -3,51
80 4.440 1.404 7.78
85 4.540 1.409 7,53 -3,7,
90 4.640 1.415 7, 3G
-3.8:_
95 4,740 1.421 7.08 -3,91
100 4.830 1.426 6.89 -3,99
110 5.000 1.438 6.54 -4,1F,
11'0 5.170 1 .450 6.25 -4.31
130 5.330 1.161 6.00 -4.46
140 5.500 1.473 5.76 --4.61
150 5.660 1.484 5.60 -4,77
160 5.830 1.495 5.45 •-4,9'1
170 6.000 1.506 5.32 -5,07
180 6.170 1.517 5,:0 -5,2^
190 6.350 1.528 5.11 -5.39
NO 6.530 1.538
220 6.890 1.559 4.88 -5.83
240 7,240 1.574 4.76
,)60 7.580 1.598 4.66
280 7.900 1.617 4.56




Table 40	 Transport properties ()f At,	 70 19
Thvriiial 1-:1ectric al L,orcnz Tbermo-
Temp Conductivity Resistivity ratio x 10y power
(K) (W rn -1 K-1 (ti ohm m) 1 V''/ K^') (uV/K)
6 8.6 0.01734 2.47
7 10.1 0.01736 2,50
-0.15
8 11.6 0.01737 2.51 -0,17
9 13.1 0.017=5 2.52
-0,19
10 14.5 0.01735 2.52
-0.20
12 17.4 0.01734 2.52
-0.21
14 20.4 0.01734 2.52 -0,23
16 23,3 0.01735 2.53 -0,27
18 26.2 0.017% 2.53 -0.33
20 29.2 0.01737 2.53 -0.41
25 36.3 0.01742 2,53
-0.65
30 43,1 0.01748 2.51 -0,68
35 49.5 0.01759 2.49
40 55,3 0.01775 2.45
45 60.6 0.01745 i.42 1.41
50 65,4 0.01821 2.38 -1,53
55 69.7 0.0185 2.35 1.62
60 73.6 0.01887 2.31
65 77,1 0.01926 2.29 -1.74
70 80.3 0.01970 2.26 -1.78
75 83,3 0.02016 2,24
-1.81
30 86,0 0,02065 2.2?
85 88.5 0.02117 2,21 -1.33
90 90.9 0.02171 2.19 -1.83
95 93.1 0.02227 2.18 -1.83
100 95.2 0,02284 2.18 -1.82
110 99.2 0.0-)402 2.17 -1.80
120 103,0 0.02524 2.17 -1.78
130 107,0 0,02648 2,17 -1.75
140 110,0 0<02773 2,18
150 114.0 0.02898 2.20 -1.70
160 117,0 0,03024 2,21 -1,68
170 121.0 0.03149 2.24 -1.66
180 124.0 0.03274 2.26 -1.65
190 128.0 0.03398 2.28 -1.64
200 131.0 0.03522 2.3i
-1.63
220 138.0 0.03768 2.36
-1.62
240 144.0 0.04012 2.40 -1.62
260 149.0 0.04255 2,14 1,62
280 154.0 0.04499 2.47, -1.63
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Table 41	 Transport properties of Inconel 718
Thermal Electrical Lorenz Thermo-
Temp Conductivity Resistivity ratio x I(P power
(K) (Wn)'1 K' 1 ) (u ohm in) (V/K:,I (uV/K)
7 0.670 1.080 10.30 0.12
8 0.801 1.079 10.80 0.12
9 0.938 1.079 11.20 0.13
10 1.080 1.079 11.60 0.14
12 1.360 1.078 12.20 0.20
14 1.630 1.078 12.60 0.26
16 1.900 1.077 12.80 0.30
18 2.164 1.077 12.90 0,32
20 2.400 1.077 12.90 0.32
25 2.970 1.076 12.80 0.28
30 3.480 1.076 12.50 0.24
35 3.940 1.076 12.10 0.21
40 4.350 1.076 11.70 0.19
45 4.720 1.077 11.30 0.19
50 5.050 1.078 10.90 0.18
55 5.350 1.079 10.50 0.19
60 5.620 1.080 10.10 0.21
65 5.860 1.081 9.75 0.23
70 6.090 1.082 9.41 0.26
75 6.290 1.083 9.08 0.29
80 6.470 1.085 8.77 0.32
85 6.640 1.086 8.49 0.35
90 6.800 1.087 8.22 0.38
95 6.950 1.089 7.96 0.42
100 7.090 1 .090 7.73 0,45 
110 7.340 1.093 7.30 0.52
120 7.580 1.096 6.93 0.60
130 7.810 1.100 6.60 0.67
14C 8.020 1 . 103 6.32 0. *74
150 8.240 1.106 6.07 0.81
160 8 450 1.109 5.86 0.88
170 8.660 1.112 5.67 0.95
180 8.880 1.115 5.50 1.02
190 9.090 1.11e 5.35 1.08
200 9.300 1.121 5.22 1.15
220 9.730 1.127 4.98 1.27
240 10.100 1.133 4.79 1.39
260 10.500 1.139 4.61 1.51





Table 42	 Transport properties of Haute -11()y X
Fhe+rmaI
Temp Conductivity








0.046 1.089 14.70 -0.04
8 1.110 1.080 15.10 •0.04
4 1,270 1.086 15.=G -0.or,
1 ^^ 1 .430 t .488 t x+.50 -0.04
1, 1.730 1.087 15.70 -0.01
14 6.010 1.08' 15.60 0.0:
1% 2.6"70 1.Od7 15,40 0.04
18 :.510 1.08 ' 15.10 0.04
0 :.730 1 .087 14.90 0.02
25 3.30 1.087 14.10 -0.00
30 3.670 1,087 15.30 -0.14
35 4.050 1.0017 1&1.60 -0.20
40 4.380 1.088 11.x0 -0.--5
45 4.680 1,089 11.30 -0.:9
50 4.950 1.090 10.80 - 0.32
55 5.100 1.091 1G.30
0G 5.400 1.092 9.83 v.*4
65 5.590 1.0113 9.41
70 5.770 1.094
75 5.930 1.0 8.66
80 6.070 1 , 09E 11.3: -0.11
85 6,210 1.ON 8.06"
90 6.330 1 .Oio v .27
115 6.450 1.100 7.47 -0.25
100 6.55, 0 1	 .	 1	 ^1 '.^3 -G...
110 F,, 770 1 .1 A F,. 711 -G . 1
120 6.060 1 .1 G 7 6.4 - 0.1.
130 7, 150 1 . 10 11 6.10 -•G.0%
140 7,340 1.112 5,83 --0.00
150 7,530 1.114 5.59 0.05
160 7.720 1.117 5.39 0.11
170 7.910 1.12,0 5,.'1 G.1%.
180 8.110 !. E 5. G5 G.::'
190 8.310 1.125 4.92 0.6'-,d
X00 8.510 1.17 4.d0 0.33
ZZG 8.930 1.132 4.59 0.44
240 9.340 1.137 4.4 '^, 0.54
260 9,740 1.142 0.64
:1 80 1 G. 100 1 . 146 4.14 0.'4
300 10.400 1.151 4.01 0.84
185
Fable 43




Temp Conductivity It 'esistivity ratio x IOf'	 power
(K)	 (Wm-1 K
-1 ) (:L ohm m)	 (V/K^ )	 (uV/K)
70 199 0.01055 3,00 -5.94
75 212 0.01066 5,01 4.06
aG 223 0.01070 3.01 -4.15
d5 234 0.01094 '.01
--4.--1
90 245 0.01 1 13 3.01 -A.'3
a5 252 0.01135 5.01 -4.23
100 258 0.01161 5,00 -4.19
110 268 0.012.'5 6.	 !^!^ 4.0'
120 274 0.01304 " 9a -3,8 7
130 .76 0.01400 2.07 -5.65
140 275 0.01513 2.97 -3.57
150 272 0.01641 2,97
-3.10
160 268 0.01795 ?.38
1 ,19 0 262 0.01944 3.00
-2.56
IRO 257 0.02110 3.02
190 X51 C.02305 3.04 -" 08
4. 244 0.02501 3.06 1.86
220 233 0.02935 3.10 -1.48
;1 40 221 0.03412 3,1F -1.15
260 211 0.0392 7 5.19
-0.85
:dG :01 0.04477 5,
-0.".
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'fable 44	 ' 1 ranrip in properties of PO- 3 graphite
T'hvrrrial f,,:v c•trica! Lorenz Therrrrc, -
T, - rirp C o nductivity Itesi y tivity ratio ► x I(f p()wt,r
(K) (Wrri'^K (a (0m) m) V1 K: ') 6W / K)
6 0.047 26.51 20.F -1.;1
7 0.063 26.28 23 6 -1.'51
8 0.085 X6.24 6. -1.71
0.112 26.21 32.7 -1.a1
10 0.146 26.17 39.3 -2.09
0.236 26.10 51.4 -2.41
14 0.357 2b.02 66.5
16 0.516 G. 86. -2.98
18 0.598 25.86 100.0)0 25.77 i 19.009. -5.46
25 1.630 25.54 167.0 -3.90
30 2.570 25.28 .16.0 -4.17
35 3.710 6.	 G. 265.4 -4.50
40 5.050 6. 31 S. -4.33
45 6.570 24.47 357.0 -4.30
50 8.240 24.19 399.0 -4.24
55 10.100 23.92 457.0 --4.15
60 12.000 23.64 472.0 4.05
65 14.000 23.37 504.0 -3.93
70 16.100 23.10 532.0 -3.8-,
75 18.1100 22.83 556.0 -3.70
80 20.500 22.57 577.0 -3.59
85 22.700 x:.32 596.0 -3.46
90 24.900 22.07 611.0 --3.34
95 27.20 21.82 6&.
100 29.400 21.58 634.0 -3.12
110 33.800 21.11 648.0 -2.91 
120 38.000 20.66 655.0 -t.69
150 42.100 20.22 656.0 -x.49
140 46.000 19.81 651.0
150 49.700 19.41 644.0 -2.10
160 53.200 19.05 633.0 -1.91
170 56.400 18.66 620.0 -1.72
180 59.400 18.31 605.0 -1.54
190 62.200 17.P 589.0 -1.37
200 64.800 17.65 572.0 -1.20
220 69.200 17.04 536.0 -0.89
240 72.700 16.48 499.0 -0.59
260 75.400 15.96 463.0 -0.33
280 77.200 15.47 427.0 -0.11
'500 78.300 15.03 392.0 0.0a
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f' ABLE 4 5
2\1,8c, lute Thermopower of Normal Silver (Borelius, et al 151)
Temperature Thermepower Temperature Thermopower
(K) Ow/K) (K) (u.v/K)
2 0.005 73. 1 0.48
4 0.01 83. 1 0.49
b 0.01 93.	 1 0. 50
8 0.015 103. 1 0.52
10 0.03 1 1 3.	 1 0.54
13. 1 0. 12 133. 1 0.61
18. 1 0. 27 153. 1 0.68
23. 1 0. 355 173. 1 0. 76
28. 1 0.405 193. 1 0.845
33. 1 0.44 21 3.	 1 0.93
38. 1 0.465 233.  1 1.02
43. 1 0.48 253. 1 1.	 11
53. 1 0.48 273. 1 1.20
63.1 0.48 293. 1 1. Z95
r
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